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The insecticidal value of kerosene has 
been known almost from the date of its 
first general introduction for illuminating 
purposes. It was originally applied un- 
diluted to plants in America for the con- 
trol of insects as early as 1865. Goff (1888) 
reported that undiluted kerosene could be 
used safely on some species of plants, but 
that certain other plants showed definite 
deleterious effects. Thus, owing to the 
phytotoxic nature of the poorly refined 
fractions of that time, methods were 
necessary to apply them diluted with 
water and a long period of development 
of diluted petroleum oil sprays in the 
form of various types of emulsions re- 
sulted. However, with the development 
of the highly refined distillates in recent 
years, entomologists again recognize the 
probable use of undiluted or straight oil 
phytonomic sprays. 

Among the more recent workers to in- 
vestigate the insecticidal potentialities 
of the undiluted, highly refined, low- 
boiling petroleum oil distillates for plant 
sprays were Lockwood (1982) and Lami- 
man (1933) who atomized pyrethrum oil 
sprays for the control of the grape leaf- 
hopper. Herbert (1933) treated a num- 
her of insects and fungi with atomized 
oils containing Insecticides and fungi- 
cides. Cook 1955) applied oils contain- 
ing pyrethrum to beets for the control 
of the beet leafhopper. LePelley (1933) 
atomized pyrethrum extracts in oils for 
the control of coffee bugs. Allen (1934) 
and others have also reported the use of 
undiluted petroleum oil distillates for 
the control of various garden, field and 
greenhouse plant pests. 

Little information is presented by these 
investigators regarding the possible tox- 
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icity of the undiluted oil sprays to plants. 
Emphasis has been given to the amount 
of oil applied in relation to plant injury 
rather than a consideration of the physi- 
cal and chemical properties of the oil 
fractions employed. It is of common 
knowledge that certain properties of 
petroleum oils such as viscosity, degree 
of sulfonation and source of crude are 
of primary importance when used in oil 
emulsions for plant sprays. 

The authors deemed it quite necessary 
therefore, to test undiluted petroleum oil 
fractions varying in these respective 
properties. Thus, the object of this 
paper is to present the methods and 
results of an investigation involving the 
testing of numerous oil fractions on plant 
foliage in order to determine the optimum 
specifications for a non-phytotoxie un- 
diluted petroleum oil spray.! 

PRoCEDURE.—The method used in this 
study was to apply under controlled con- 
ditions a wide range of petroleum oil frac- 
tions to representative groups of tolerant 
and susceptible species of economic plants 
under field conditions. It was possible to 
apply known amounts of each of the vari- 
ous oil samples tested to plants by a spe- 
cially designed air pressure spray gun.? 
This sprayer was equipped with air and 
fluid nozzles varying in size of apertures 
making possible atomization of varying 
amounts of oil fractions. The different 
fractions were atomized at 35 pounds of 
pressure by means of a gasoline motor 
driven compressor. Three fluid and three 
air nozzles made possible the atomization 
of nine different concentrations of sprays. 
The nozzles produced a fan-shaped spray, 
each differing from the other in the vol- 

An investigation resulting from an Industrial Fellowship 


established by the Sinclair Refinnig Company. 
2 Binks Model X Spray Gun, 
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ume delis ery of the oil fraction used. The 
rate of delivery of each nozzle combina- 
tion was determined by means of a turn- 
table (Fig. 1) in which the amount of oil 
in milligrams applied to a square inch of 
leaf surface was obtained. 

In determining the volume delivery of 
an oil fraction by the turntable method, 
pedestals were arranged at equal dis- 
tances from one another on the turntable 
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passed over them at a velocity approxi- 
mating that which the plants of the pre- 
liminary through when 
sprayed on the turntable. 

The atomizing apparatus used in spray- 
ing could be adjusted to deliver a range 
of from 0.2 milligram to 19.0 milligrams 
of oil per square inch of leaf surface. For 
most practical purposes, a maximum de- 
livery of 5.0 milligrams was sufficient for 


tests passed 





and upon these, two square inch absorb- 
ent pads were attached. The pads were 
then passed through the spray at a con- 
stant distance from the nozzle and at a 
known rate of speed. The volume of oil 
delivered by each of the nozzle combina- 
tions was determined from calculations 
of the mean differences in weight of ten 
groups of ten pads each. 

Certain preliminary laboratory tests 
were conducted in which potted plants 
were placed on the turntable and sub- 
jected to the spray. This insured a con- 
stant and predetermined deposit of oil 
spray, and to duplicate the tests under 
field conditions, the nozzle was held at 
the same distance above the plants and 


Apparatus used in determining rate of application of 


f oils 


effective insect control, but under the 
conditions of the experiment it was some- 
times necessary to apply greater amounts 
to obtain significance in results in deter 
mining the relative toxicity of the less 
phytotoxie fractions tested. 

The species of plants selected for test- 
ing purposes were their 
range of tolerance and susceptibility to 
the undiluted, low-boiling petroleum oil 
distillates. This determined from 
results of preliminary studies of plant 
tolerance with large groups of cultured 
plants. Two legumes, garden pea and 
bush beans were selected because of their 


chosen as. to 


Was 


apparent susceptibility. Swiss chard, to- 


mato, turnip and Irish potato were 
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selected for their moderate susceptibility. 
Red beet, spinach, cucumber and cabbage 
were selected to represent the more toler- 
ant species. Relative phytotoxicity of the 
oils to these plants was determined from 
data taken at twenty-four hour intervals 
fora period of four days. Over this period, 
the development of injury to plant tissue 
was recorded in terms of severe, moderate, 
slight, and trace of injury to the foliage. 

The undiluted petroleum oil distillates 
employed were segregated into two main 
groups: First, fractions having a 
constant viscosity, but varying in degree 
of acid treatment and crude. 
Secondly, those oil fractions possessing 
identical acid treatment and source of 
crude, but varying in viscosity. A total 
of thirty-five fractions of oils varying in 
viscosity, degree of refinement and source 
of crude were emploved in the tests. The 
properties of these samples were deter 
mined and obtained from the Sinelair Re 
fining Company. The degree of refine 
ment was expressed in terms of pounds 
of fuming sulfurie acid treat a 
barrel of distillate. 

Kinematic \ IScosity expre ssed in centi 
stokes was adopted in these studies for 
determination of the viscosity of the low 
boiling distillate fractions. The lowest 
accurate Saybolt) Universal Viscosity Is 
32.6 seconds which is equivalent to ap 
proximately 2.0 centistoke at Look, 
The lightest fraction herewith employed 
possessed a kinematic viscosity of ap 
proximately 1.0) centistoke and 
quently has no Saybolt Universal equiva 
lent. Saybolt Universal viscosity equiva 
lent to a kinematic viscosity may be 
determined by multiplying the equiva- 
lent Saybolt Viscosity at 100°F. by 
1+(t—100) 0.000064. (Headington & 
Geniesse 1937). For example, 10 centi 
stokes at 210°F. are equivalent — to 
DS.S& 1.0070 or 59.2 Savbolt I niversal 
seconds at 210°F, 

The specifications — of 
tested are given in table 1. 

1938 EXperRIMENTs.—In 1988, phyto 
toxicity tests were conducted under field 
conditions in Southeastern Wisconsin. A 
group of fifteen fractions of oils varying 
in Viscosity, two groups of five fractions 
each varying in origin of crude, and two 
groups of five fractions each varying in 
degree of refinement were used. The ob- 
ject of these tests was to determine the 


those 


source of 


used to 


COnSC- 


the fractions 
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approximate range of the above men- 
tioned properties most favorable for plant 
spray purposes. Applications of oils were 
made at the rate of 5.0 milligrams per 
square inch of leaf surface. 

In these tests, ten species of plants were 
used, each of which was planted in plots 
of ten foot rows. Tests were made to 
four replications. The plants were sprayed 


Table 1.—Specifications of oils tested. 





KIN? 
Acip MATIC DisTILLa API 
ORIGIN Preat- Viscos TION GRA\ 
No or Crupt MENT ITY Ranat ITY 
Group | 
Ia Midcontinent 0) 1. 527 53-506 $4.5 
Ju Midcontinent 60 1.558 857-518 46.1 
; Midcontinent 80 1.563 550-514 46.5 
ba Midcontinent 100 1.568 357-505 16.9 
vit Midcontinent 180 1.578 563-501 17.0 
Ga Pennsylvania 0 1.542 560-507 $7.5 
" Pennsylvania 60 1.584 62 512 18.5 
Sa Pennsylvania 80 1. 568 566-505 19.0 
Ma Pennsylvania 100 1.561 S58 507 $9.3 
10a Pennsylvania 180 1.565 5683 504 19.6 
Group 2 
Ib Midcontinent 100 1.017 105-396 32.6 
hy Midcontinent 100 1.132 200-450 1.0 
th Midcontinent 10 1.271 03-498 49.7 
th Midcontinent 100 1.820 40-445 18.9 
ib Midcontinent 100 1.526 3-499 17.3 
til Midcontinent 100 1.554 356 498 16.9 
7b Midcontinent 100 1.695 342-552 $6.5 
Sb Midcontinent 100 1.724 SO7-409 $6.5 
ob Midcontinent 100 2 O16 107-5 $5.6 
10Ob Midcontinent 100 2.2900 S51 -587 $4.6 
lib Midcontinent 100 2. 382 108-551 $3.7 
12 Mideontinent loo 2.545 137-552 $3.2 
Ish Midcontinent 10 > 620 t82- 5907 3.0 
14h Midcontinent 100 i. S62 $47-597 42.0 
l5b Midcontinent 100 $705 177-610 11.3 





in pounds of fuming sulfuric acid per barrel of distillate 

i tistokes at L00°R 

100 ¢.c. in degrees Fahrenheit 
six weeks after the planting date and were 
in a mid-season stage of growth. 

Resutts.—Results obtained in 1938 
tests of the phytotoxic effects of pe- 
troleum oil fractions varying in degree 
of refinement, viscosity, and origin of 
crude are shown in table 2. The studies 
indicate that fractions of both Mid- 
continent and Pennsylvania distillates 
treated with but 30 to 60 pounds of acid 
were most injurious to plants. Results of 
the 1938 tests also indicate that fractions 
having viscosities between a range of 1.3 
and 2.3 centistokes were least toxic to 
the various groups of plants tested. For 
the continued studies of 1939, fractions 
within this range were used. 

1989 ExperiMENTs.— In the 1939 stud- 
ies of the phytotoxicity of these oils, only 
fractions treated with 80, 100, and 130 
pounds of fuming sulfuric acid per bar- 
rel were employed. A narrower viscosity 
range was also employed and tests were 
made with oil samples having viscositie: 











between a range of 1.3 and 2.5 centistokes. 

For the purpose of obtaining more sig- 
nificant results, all fractions tested were 
applied at four different concentrations. 
One series of tests was made with each 
fraction applied at the rate of 0.3 milli- 


gram per square inch of leaf surface. 
Another was made with the fractions 


applied at the rate of 1.5 milligrams. In 
a third series the fractions were applied 
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1939 (table 3) approximate those results 
secured in 1938, Oils derived from Penn- 
sylvania crudes were slightly less toxie to 
plant tissue than those from Mideon- 
tinent crudes. This in accord with 
studies of various workers investigating 
the phytocidal pre pert ies of the heavier 
distillates used in emulsions. The results 
also indicated that those oils having a 
viscosity between 1.3 and 2.3 centistokes 


IS 


Table 2.—Phytotoxic Effects of Petroleum Oil Fractions Varying in Origin of Crude and Degree of 


Acid Treatment,' 1938 and 1939. 





Fractions Testep, 1988 


PLaAnts TREATED 





Bush Garden Swiss To- Tur- Po- Red Spin- Cucum- Cab- 

Midcontinent Fractions Bean Pea Chard mato nip tato Beet ich ber hage 
la— 30 1b. acid per bbl. xxxx  XNXX = =-XXNXX = =XNXX  XXXX —-XXNX XXX XXX XX XX 
2a 60 Ib. acid per bbl XXX XXX XXX XXX XXX XXX XXX XX XX 0 
3a— 80 Ib. acid per bbl XX XX XX XXX XXX XX XX 0 0 0 
ta—100 Ib. acid per bbl. XX XX XX XX XX XX 0 0 0 0 
5a—130 Ib. acid per bbl 0 XX 0 0 Xx 0 0 0 0 0 
Pennsylvania Fractions 

6a 30 Ib. acid per bbl. xxx XXXX XXXX XXXX XXXX XXX XX XX XX XX 
7a 60 Ib. acid per bbl. xxx XXX XXX XXX XXX XX 0 XX 0 0 
Sa 80 Ib. acid per bbl. XX XX XX XX XXX XX 0 0 0 0 
9a-—100 Ib. acid per bbl 0 XX XX XX Xx XX 0 0 0 0 
10a——130 Ib. acid per bbl 0 0 0 0 0 0 0 0 0 0 
Fractions Testep, 1939 Prants Treatrep 
Midcontinent Fractions Bush Bean Garden Pea Turnip Potato Cabbage 
Sa 80 Ib. acid per bbl XXXX XXX XX XX 0 

ta—100 Ib. acid per bbl XXX XX x 0 0 

ja—-130 Ib. acid per bbl XX x 0 0 0 
Pennsylvania Fractions 

Sa 80 Ib. acid per bbl XXX XX XX x 0 
9a—100 Ib. acid per bbl XXX x 0 0 0 
10a 130 Ih. ac id per bbl XX 0 0 0 0 
Pounds of fuming sulfuric acid used per barrel of distillat 


' 
thils applied at the rate of 
this ipphed att 


xxxx-——-designates severe injury to foliage 
xxx—-«lesignates moderate injury to fol ‘ 
xx —designates slight ury te age 
x designates trace u rv tof g 
Uv designates! 1 


at 5.0 milligrams, as applied in the 19838 
tests. In the last and fourth series of tests, 
the fractions were applied at the rate of 
13.0 milligrams per square inch of leaf 
surface. This latter rate of application 
proved most favorable for securing de- 
sired results to plant tissue. 

Five species of plants were used which 
were considered representative of the 
group of the original ten species employed 
the previous season. The size of the plots 
and method of replication was similar to 
that used in 1938, 

Resutts.—The in 


results obtained 


were less toxic to the plants tested than 
those having a viscosity outside this 
range. 

\ comparison of the results obtained 
Table 3) from the applications of the 
fractions varying in viscosity indicates 
that the intermediate fractions having a 
kinematic viscosity of 1.695 and 1.724 
centistokes are the least toxie of the frae- 
tions tested. The extremely light oil frae- 
tions having viscosities of 1.554 and below 
appeared to have caused greater injury 
than those fractions in the heavier range. 


Although these light fractions are ex- 
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ceedingly volatile and apparently disap- 
pear soon after application, they have a 
correspondingly low surface tension and 
might consequently rapidly penetrate the 
stomata of the leaves. In this manner, 
such oils may spread throughout the 
mesophyll before they volatilize off the 
leaf and this may account for the occur- 
rence of plant injury. 

The heavier fractions having viscosi- 
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leaves. This would inhibit the gaseous 
exchange between the leaf tissue and the 
outside atmosphere necessary in such 
physiological processes as photosynthesis 
and respiration and so exert a_ toxic 
effect. 

On the basis of the results obtained 
under the conditions of these tests, it 
would appear that a fraction of a Mid- 
continent distillate treated with 130 


Table 3.—Phytotoxic Effects of Petroleum Oil Fractions Varying in Viscosity,' 1938 and 1939. 





PLANTs TREATED? 





Bush Garden Swiss To- Tur- Po- Red = Spin- Cucum- Cab- 
Fractions Testep, 1958 Bean Pea Chard mato nip tato Beet ach ber bage 
Ib 1.017 centistokes XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXX XXX XX 
2h--1.132 centistokes XXXX XXXX XXXX XXX XX XX XXX XX XX XX 
8h 1.271 centistokes XXX XXX XXX XXX XX XxX XX xXx 0 0 
th —1.320 centistokes XXX XN XXX 0 XX XX XX 0 0 0 
5b 1.526 centistokes XX XX 0 0 0 Xx 0 0 0 0 
6b 1.554 centistokes XX x. 0 0 0 0 0 0 0 0 
Th 1.695 centistokes 0 0 0 0 0 0 0 0 0 0 
Sh 1.724 centistokes 0 XX 0 0 0 0 0 0 0 0 
9b—2.016 centistokes XX XX XX XX XX XX 0 0 0 0 
10b— 2.290 centistokes XX XN XXX XXX XXX XX XX XX 0 0 
llb—2.382 centistokes XX XXX XXX XXX XXX XX XX XX XX XX 
12h — 2.548 centistokes XX XXX XXX XXX XXX XX XX XX XXX Xx 
Isb— 2.620 centistokes XXX XXXN XXX XXX XXXX XXX XX XX XXX XXX 
14b }. 362 centistokes XXX XXXX XXXX XXX XXXX XXX XXX XXX XXX XXXX 
15b-——3.705 centistokes XXX XXXN XXXX XXXX XXXX XXX XXX XXX XXX XXXX 
PLANTS TREATED 

Fractions Testep, 1939 Bush Bean Garden Pea Turnip Potato Cabbage 
th 1.320 centistokes XXXX XXXX XXX XXX XX 
5b—1.526 centistokes XXX XX x 0 0 
7b —1.695 centistokes XX x 0 0 0 
Sh —1.724 centistokes XX x x 0 0 
9b— 2.016 centistokes XXX XX XX x XX 
10b— 2.290 centistokes XXX XXX XXX XX XXX 

Kinemat scosit n centistokes at 100° | 

fhils ipphed at the t 15o.0n rf s 1 su ¢ 

(hls applied at the rate of 13.0 milligt surtace 

XXXX designates severe it 

XXX | Z tes | ' 

XX ‘ tes shaht l t 

@—desie : 

ties of 2.016 centistokes and above are pounds of acid or a Pennsylvania distil- 


less volatile and undoubtedly persist a 
long time after spraying. The surface 
tension of these fractions are higher than 
the lighter fractions, and even though 
they penetrate the leaf tissue with rela- 
tive difficulty, they may persist on the 
leaf surface over a longer period of time, 
allowing penetration of the oil and subse- 
quent phytotoxie effects follow. It is also 
possible that these heavy less volatile 
fractions in their persistence after spray- 
ing cause an insulatory effect upon the 





late treated with 100 pounds, both hav- 
ing a kinematic viscosity of approxi- 
mately 1.7 centistokes, could be used 
safely in the undiluted form on plants. 

The rate at which the oil is applied, 
however, becomes a limiting factor. Re- 
sults of recent studies by the authors in- 
dicate that an oil fraction possessing the 
above mentioned optimum specifications 
can only be used safely when applied at 
the rate of 5.0 or less milligrams per 
square inch of leaf surface. 
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SumMArRY.—A_ method devised 
whereby a constant and known amount 
of undiluted, low-boiling petroleum oil 
distillates could be applied to plant 
foliage in the field. 

Under similar refinement, results in- 
dicate that distillates of Midcontinent 
base crudes were slightly more toxic to 
plant foliage than Paraffin base crudes. 
Such distillates, however, derived from 
Midcontinent crudes relatively 


was 


caused 


: 
Econom 
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little injury to plants when treated with 
150 pounds of fuming sulfuric acid per 
barrel of oil. 

Distillates derived from Pennsylvania 
crudes caused relatively little injury to 
plants when treated with 100 pounds of 
fuming sulfuric acid per barrel of oil. 

Under the conditions of this experi- 
ment, fractions having a kinematic vis- 
cosity of approximately 1.7 centistokes 
proved least toxie.— 1-22-40. 
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In preliminary wood preservation tests, 
a new water-soluble product made from 
tar obtained by low temperature carboni- 
zation of coal has given excellent control 
of the wood destroying organisms, Fomes 
annosus and Lentinus lepideus. In diluted 
form it has also been found to destroy the 
common “Athletes’ Foot” organism. With 
this background this pre “duct, called here- 
in “Brown Solution,” and certain of its 
derivatives, and also an oil made from 
low temperature coal tar, have 
tested in dust form to determine 
insecticidal properties. 

DeESCRIPTION OF MATERIALS. 
Solution” is an aqueous-solution contain- 
ing the alkali-soluble constituents of the 
higher boiling portion of the coal tar 
which is made by a patented process of 
low-temperature carbonization of par- 
tially oxidized The solution ts 
usually made by contacting straight-run 
soft pitch with caustic soda solution at 
about 95 degrees C. at which temperature 


been 
their 


“Brown 


coal. 
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the pitch is quite liquid. The alkaline solu- 
tion (brown solution) is removed from the 
pitch by gravity. It contains the soda de- 
rivatives of the very mild, high molecular 
weight, phenolic bodies of the pitch. 
some colloidally dispersed hydrocarbons 
and resins are also present, To remove 
free caustic soda, the solution is partially 
neutralized with either sulphuric acid or 
dioxide until it starts to get 
cloudy. It is then concentrated by evapo- 
ration until it contains approximately 30 
per cent organic matter. In this form it 
is a dark brown solution which is miscible 
with water. When exposed to the air ina 
thin film, it rapidly oxidizes and forms a 
glossy black material, most of which is 
insoluble in water. When incorporated 
into dust form by mixing with an inert 
powder, the brown solution has shown 


carbon 


promising results as a repellent against 
certain insects. 
DERIVATIVES OF THE BROWN SOLU- 
TION.—Upon the addition of mineral 
acids or carbon dioxide to neutralized 


Brown Solution, a material termed “pitch 
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acids” is formed. The pitch acids, upon 
precipitation from the Brown Solution, 
are filtered and washed free of soluble 
salts which might cause plant injury. 
Various of the just deseribed 
pitch acids are made by adding salts or 
hvdroxides of various metals to the brown 
solution. These materials are referred to 
as the pitchates of the metals used, e.g., 
copper pitchate was made by combining 
copper sulphate with brown solution. As 
with the pitch acids, the precipitated cop- 
per pitchate was filtered and washed free 
of water-soluble salts. By means of a sue- 
tion filter, most of the water was removed 
from the filter cake. A known amount of 
tale was then added to the partially dried 
copper pitchate and the whole thoroughly 


salts 
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Par INSECTICIDES 


separate test plots were treated. In both 
cases the host plants were of the Early 
Bountiful bush bean variety. Each series 
of treatments was located in a randomized 
block in which each treatment was repli- 
cated three times. Treatments were made 
when the plants appeared to be uniformly 
infested with the larvae. The materials 
were applied by means of a rotary hand 
duster and care was taken to apply the 
dusts to the underside of the bean foliage. 
A record of the number of larvae present 
on the plants 3 days after treatment was 
made by counting the larvae present on 
60 feet of bean row for each treatment, 
twenty feet of treated and of untreated 
bean rows were examined from each 
replicate. 


Table 1.—Field tests on Mexican bean beetle larvae Washington County, Pennsylvania, 1938. 








TEs No l TEs1 No 4 
Living Living AVERAGE 

Dust TREATMENT Larvae* Control Larvae* Control CONTROL 
Brown Solution 1 .Of, 17 97.0%, 12 97 . 8% 97.4% 
Cryolite (A ryocid: 22 96.0 8 98.6 97.3 
( opper Pite hate Oot, 28 95.0 5 99.1 97.0 
Heavy Oil 0.5! 9 96.6 32 94.5 95.5 
Rotenone 0.75% +t 92.2 S 98.6 95.4 
Heavy Oil 1.0 27 95.2 95.2 
Brown Solution 6.0%, 28 95.2 93.2 
Brown Solution 3.0% 105 S11 37 93.4 87.3 
Pitch Acid 1.08; 221) 61.3 30 94.7 78.0 
Untreated 769 566 
* Numi { yw e found on 60 feet 

dried in an oven. After drying, the ma- Phe summarized results of these tests, 


terial was further diluted with tale until 
the desired organic concentration of the 
dust was obtained. 

Heavy Ow Dustr.—The 
dusts were made by adding low tempera 
ture tar oil, used for dormant tree 
sprays, to tale and thoroughly mixing. 
Except from the more concentrated heavy 
oil dusts, no plant injury has resulted 
from use of these dusts. 

ConTROL Stupties.—Coupled with the 
idea that these new materials might have 
insecticidal values is the belief that they 
might also offer themselves as substitutes 
for the arsenicals and other poisons. In 
regard to cost, these new materials, no 
doubt, can be placed on the market at a 
much lower cost to the consumer than any 
competing materials. 

For 


heavy oil 


as 


tests against the Mexican bean 


beetle, FE’ pilachna corru pta Mulsant two 





conducted in Pennsylvania in 1938, are 
shown in table 1. 

The per cent control from the various 
treatments was obtained by applying 
Abbott's formula.* As the data were not 
suitable for further statistical analysis, 


the significance of differences between 
treatments was not determined. How- 


ever, for purposes of discussion, a control 
of 90 per cent or higher by any of the ma- 
terials is considered good. Of these new 
materials, 0.5 per cent and 1.0 per cent 
heavy oil dusts, 1.0 per cent and 6.0 per 
cent brown solution dusts, and 10° per 
cent copper pitchate dust proved to be as 
effective in Mexican bean beetle control 
as 0.75 per cent rotenone dust, and a 
eryolite dust. A 3 per cent brown solution 


living larvae in untreated plot 
ve in treated plot 


* Number 
number living lars 
x 100 control 


Number living larvae in untreated plot 
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dust and a 10 per cent pitch acid dust 
gave unsatisfactory control. It is of in- 
terest to note that in the case of the brown 
solution dusts, those of lower concentra- 
tions gave the better control This same 
effect has been observed also in data ob- 
tained from potato flea-beetle tests. The 
poor control by the dusts of higher con- 
centration possibly may be explained by 
the differences in the physical properties 
of the dust caused hy the addition of more 
organic matter. In the plots treated with 
10 per cent copper pitchate dust and in 
those treated with 0.5 per cent and 1.0 
per cent heavy oil dusts, many recently- 


Vol. ID, No. , 


t 


and then placed at the foot of the dust 
tower. A thin wire screen was placed 
over the leaves to keep them flat and vet 
not interfere markedly with the deposit 
of the dust material. The dust was shot 
from a dust gun up through the bottom 
of the tower and was allowed to settle back 
onto the foliage. A uniform flow of air 
forced the dust from the gun. To deter- 
mine the dust deposit per square centi- 
meter of leaf surface, an aluminum plate 
of known weight and size was dusted 
along with the leaves. After weighing the 
dusted plate, the dust deposit per square 
centimeter of plate surface was deter- 


Table 2.—Laboratory tests with treated bean foliage to determine toxicity and repellency to Mexi- 


can bean beetle. 








Ist INSTAR 2np INSTAR Sep INSTAL tru INSTAR 
Per Per Per Per 
Cent Foliage Cent Foliage Cent Foliage Cent Foliage 
Dust TreatMent Kill* Eatent Kill* Eatent Kill’ Katen Kill* FEatent 
Copper Pitchate 100.0' ) 1 62 1, 925 LL i, oo 12 +, 540 
Copper Pitchate 10.0%, 50 160 100 900 0 1 795 0 9.840 
Calcium Pitchate 100.0 62 4 SS 1,250 ) 5, SOO 0 3,650 
Calcium Pitchate 10.0' 75 120 10 S50 0 2 TOO 0 2 700 
Pitch Acids 10.0 22 1,375 2, 500 LL +, G00) ) 10, 600 
Brown Solution 10.0 0 1 200 ¥ 2 700 Ty tooo 25 7 395 
Heavy Oil 1.0° 10 25 10 SOS 0 2.700 0 7,700 
I ntreated Th 3 000 5.200 0 5.200 0 10.950 
An 
» ws 


hatched, dead larvae were found clustered 
together. It is believed that the young 
larvae were starved to death due to the 
repellent properties of the dust or else 
the materials behaved as contact poisons. 
Newly-hatched, dead larvae were ob- 
served also in the rotenone and cryolite 
treatments. 

LABORATORY StTUupIES witH BEAN 
BeetLe Larvar.—To confirm the results 
of the brown solution and heavy oil 
products obtained in the field, laboratory 
tests were conducted with the various 
instars of the Mexican bean beetle. Bean 
foliage of the cranberry variety was used 
for the host plant. 

All materials were applied as dusts in 
a dust chamber designed and constructed 
by H. A. Waters.* A celluloid cylinder, 
approximately 40 inches high was en- 
closed within an insulated outer box. The 
leaves to be treated were wet with water 
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mined. Assuming the dust to be uniformly 
distributed over the leaf surface, the same 
amount of dust per unit area of leaf 
would be found as on the aluminum 
plate. 

The treated leaves were removed and 
placed with the stems in vials containing 
water and were allowed to rest with the 
treated surface up on a vlass plate. A 
small screen cage was placed over the 
leaf. Two Mexican bean beetle larvae of 
known instar were placed in each cage 
which in turn was covered with a glass 
plate. 

Observations of the larvae and foliage 
were made at 24-hour intervals for a 
$-day period, If a leaf wilted or was eaten 
it was replaced with a freshly treated one 
and the area eaten by the larvae recorded. 

Table 2 shows the results of the labora- 
tory toxicity tests just deseribed. [It will 
be noted that 1.0 per cent heavy oil dust, 
100 per cent and 10.0 per cent copper 
pitchate dusts, and 100 per cent and 10.0 
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per cent calcium pitchate dusts killed only 
the first and second instars of the larvae. 
The fact that the third and fourth instars 
were not killed hy these materials may 
indicate that the younger larvae were not 
killed by stomach poisoning, but either 
starved to death or were killed by some 
irritant effect of the materials. 

LABORATORY REPELLENT ‘TrEstTs.— As 
the larvae were confined on treated leaves 
only, except for the untreated checks, 
they had to eat a certain amount of the 
foliage containing the test materials or 
starve. By observing the totaled leaf 
areas eaten by each larval instar, the rela- 
tive repellent properties of the dusts were 
determined. 

In the second type of test, the insects 
were placed in cages in which treated 
leaves were arranged alternately with 
untreated leaves: thus, if the material on 
the treated leaves was an effective repel- 
lent. the insects should congregate and 
feed around the untreated leaves. With 
the Mexican bean beetle larvae tests, the 
treated leaves were placed top surface up 
with the lower surface resting flat on the 
bottom of a cage. A cardboard 
template containing holes which were 
slightly smaller than the leaf area was 
placed in the cage with the holes over the 
leaves. In this way an equal area of leaf 
was exposed and the larvae were forced 
to feed on the upper leaf surface. 

Table 2 shows the total areas of treated 
and untreated foliage eaten by the vari- 
ous instars of the Mexican beetle 
larvae. As the larvae were confined on 
treated leaves only, except for those on 
the untreated check, they had to eat a 
certain amount of the foliage containing 
the test materials or starve. By observing 
the areas of each material consumed by 
each larval instar, the relative repellent 
properties of the dusts were shown. All 
the materials showed some repellency, 
but as the insects were confined to the 
treated leaves it is hard to determine 
what would be the actual degree under 
field conditions. 

In the second type of repellency test, 
in Which the insects had a choice between 
treated and untreated foliage, more prom- 
ising results were obtained. The dusts 
which showed the best repellent proper- 
ties against the Mexican bean beetle lar- 
Vae were copper pitchate as low as 10 


clean 


bean 


per cent organic matter, calcium pitchate 
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100 per cent organic matter, and 10 per 
cent brown solution dust. Heavy oil 
dusts of 1.0 and 0.5 per cent oil showed 
only fair control. 

Potato LEAFHOPPER INVESTIGATIONS 
ON Beans.—A preliminary test was con- 
ducted to ascertain the effects of the 
materials under consideration, in dust 
form, against leafhoppers on beans in the 
absence of Mexican bean beetle. Since the 
plants were approaching maturity, only 
one application, in which each of the 
various treatments was replicated three 
times in a randomized block arrange- 

Table 3.—Field tests of dusts for the control 


of the potato leafhopper on beans. Columbus, 
Ohio. 





NUMBER 


Lear- 
HOPPERS 
Rematn- Per Cent 
Dust TREATMENT ING* CONTROL 
Heavy Oil 1.00 } 98.1 
Copper Pitchate 10.00; 5 97 .7 
Pyrethrum-Sulfur (0.10% py- 
rethrins 5 97.7 
Pitch Acid 10.0% 8 96.1 
Brown Solution 10.0°; 19 91.2 
Untreated 218 





nymphal leafhoppers present on 150 
}days after treatment. 


* Total number of 
trifoliate leaves examined 


ment, was made. The dust materials were 
applied with a hand rotary duster, care 
being taken to cover the under surface 
of the bean leaves. 

Counts were made 3 days following 
treatment. Fifty trifoliate bean leaves 
were selected at random from each repli- 
cate; thus, 150 were examined 
from each treatment. The number of 
leaves which showed nymphal leafhop- 
pers present was recorded, as was also 
the number of leafhoppers on the infested 
leaves. 

As the data in this preliminary experi- 
ment are not suitable for statistical 
analysis, only a general statement can be 
made concerning the results of the test. 
As table 3 shows, 1.0 per cent heavy oil 
dust, 10 per cent copper pitchate dust, 
10 per cent pitch acid dust, and pyreth- 
rum-sulfur dust gave adequate control 
of the nymphs of the potato leafhoppers 
on beans. Although it is questionable 
whether 10 per cent brown solution dust 
can be considered to be as effective as the 
other materials tested, the high organic 


leaves 
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concentration in the dust may have inter- 
fered with its physical properties and 
hence caused poor distribution and 
coverage of the materials on the foliage. 


As this test was conducted when the 
beans were approaching maturity the 


residual effect, if any, of the materials on 

newly-hatched leafhoppers was not deter- 

mined, 
SUMMARY.—New 


materials derived 


from low-temperature tar which have 


shown insecticidal value against certain 
insects are described. 
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Five-tenths per cent and 1.0 per cent 
heavy oil dusts, 1.0 per cent and 6.0 per 
cent brown solution dusts, and 10 per 
cent copper pitchate dust proved to be as 
effective against the larvae of Mexican 
bean beetle as 0.75 per cent rotenone dust 
and eryolite dust. 

It was indicated that 1.0 per cent heavy 
oil dust, 10 per cent copper pitchate dust, 
and 10 per cent pitch acid dust gave as 
good control of potato leafhopper on bean 
at Columbus, Ohio as did pyrethrum- 
sulfur dust.—3-9-40. 


Low Temperature ‘Var Oil in Orchard Sprays 
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\ chemical toxic action peculiar to coal 
tar oils upon aphid eggs has led to their 
use as a dormant spray against these 
pests. In recent vears, coal tar oils made 
from tar obtained by the usual high 
temperature processes of coal carboniza- 
tion have been used successfully against 
the rosy apple aphid, Anuraphis TOSCUS 
Baker) on apple trees. High temperature 
tar oils are well known not to control 
Kuropean red mite, Paratetranychus pi- 
losus (C. & F.) satisfactorily when dilute 
enough to avoid undue risk of injury to 
the trees. A petroleum oil spray gives 
good control of red mite, but is ineffective 
against rosy aphid. In order to control 
both the red mite and the aphid with the 
same treatment, a mixed tar oil and 
petroleum oil spray is sometimes em- 
ployed. With high temperature tar oil, 
there is a depressing effect of the oil upon 
the petroleum oil which results in a poorer 
control of the red mite than if the same 
concentration of petroleum oil were used 
by itself. 

In contrast to these high temperature 
coal tar oils, this investigation describes 
the results of recent studies of a distinctly 
different type of material, namely low 
temperature tar oil produced from = tar 
which was formed by carbonization of 
coal at unusually low temperature and 
with unusually slight thermal decomposi- 
tion of the tar. Previous tests with these 
oils have given equally good control un- 
der dormant spraying conditions against 


* Pitts oh ( be atic ( pat Rew kelk 
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rosy apple aphid as with the high temper- 
ature tar oils. They have also shown that 
when low temperature tar oil is added to 
petroleum oil it seems to have less de- 
pressing effect on the toxicity of the pe- 
troleum oil to red mite eggs than when 
high temperature tar oil is added. Along 
with this advantage, low temperature tar 
oils appeared to be less caustic to the skin 
than the high temperature tar oils 
Worthley & Steiner 1939 

DirrFERENCES Between Low anp 
High Temperature O1ns.—No doubt 
the fundamental difference in these two 
types of tar oils lies for the most part in 
the processing of the coal. The composi- 
tion of coal tar is determined by the na- 
ture of the coal, the type of retort used, 
and the temperatures at which the car- 
bonization occurs. Both the low tempera- 
ture and high temperature tar oils are 
derived from bituminous coal. The proe- 
esses mainly differ in the temperature of 
carbonization of the coal, and with either 
process, oils of different distillation ranges 
may be used, 

In the low temperature process, per- 
taining to the oil used in these investiga- 
tions, tar is produced at temperatures 
from 450 to 500 degrees! from partly 
oxidized coal in a rotating carbonizer. 
The low temperature tar oil for tree spray 
purposes is obtained by the distillation 
of this tar, the light oils and tar acid 
oils having first been boiled off at still 
lower temperatures and diverted to other 


SCS. 


1 All temperatures are centigrade 
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Temperatures of 900 to 1000 degrees in 
gas retorts or by-product coke ovens 
used in making illuminating gas, furnish 
the tar in the high temperature process. 
The differences, in tabular form, between 
these two types of oils in regard to their 
manufacture are shown in table 1. 


Table 1.—Differences in coal tar distillates 
from low and high temperature coal tar. 








Per Cent DistitLate FROM 
Tar Propucep at Tenm- 
PERATURES OF 
DISTILLATE (OM 
inc Orr To 150 500° ¢ 925-1000° ¢ 
Typical 
analysis of 
low tem Typical specifica 
perature — tions for high tem 
tar oil perature tar oil 
210 degrees ¢ 0 Not more than 1 
235 devrees } Not more than 10 
270 devrees 8.6 
$15 degrees ¢ 37.8 
355 devrees ( OS_7 Less than 65 
lar acids 34-405, Not more than 10°, 
oy? preferred 
Viscosity | nyler 
5 ¢ 
Sp. gr. 3815.55 ¢ 1.057 Greater than 1.057 
( rystals after > hrs 
ato ( None ro be removed 
Both types of tar oils contain con- 


stituents soluble in acid and alkali. Those 
removable by alkali treatment, although 
they extremely feeble acidic 
properties, are called tar acids. They are 
ma‘nlvy hwdroxyl derivatives of the aro- 
matic hydrocarbons in the high tem- 
perature oil, and of both aromatic and 
hvdroaromatic hydrocarbons in the low 
temperature oil. The tar acid content 
varies, in general, according to the source 
of the tar oil and its boiling range. In high 
temperature tar oils tar acids occur prinei- 
pally in the oils of intermediate boiling 
from which 


yo rmSSCSS 


ranve low boiling creosotes 
they are separated to form the cresylic 
acid of commerce. In low temperature oils 
large amounts of alkali-soluble materials 
are present throughout the entire boiling 
range, including that of the tree spray 
oils. Thus low temperature tree spray oil 
contains far more alkali-soluble material 
than high temperature tree spray oil but 
these high boiling low temperature "tar 
acids” are very different physically and 
chemically from such substances as cre- 
sylic acid, and in turn are non-irritant to 


the skin. 
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Constituents removable by acid treat- 
ment are called and consist 
mainly of pyridine and its homologues. 

Kach kind of oil contains a large num- 
ber of different hydrocarbons of various 
chemical series, the low temperature oil 
containing an even more complex mixture 
than the high temperature oil. Both these 
mixtures of hydrocarbons, after removal 
of tar acids, have been found to have 
powerful fungicidal action when tested as 
wood preservatives. Both have phytocidal 
properties at moderately high concentra- 
tions. 

Although the actual percentages are 
not known by the writers, in the low 
temperature tar oils there is a smaller 
amount of aromatic hydrocarbons pres- 
ent as compared with the amount found 
in the high temperature oils. This is due 
to the presence in the low temperature 
tar oil of tar acids both aromatic and 
hydro-aromatic, and also considerable 
quantities of paraffinic and naphthenic 
hydro-carbons. The presence of these 
paraffins and naphthenes has not ren- 
dered the low temperature tar oil less 


tar bases 


effective against aphid eggs than the 
high temperature tar oils. Thus the 
aromatic constituents in low tempera- 


ture tar oil seem to be more potent than 
those in high temperature tar oils. 

Low temperature oil contains no naph- 
thalene or anthracene to form crystals at 
low temperatures, but it may get waxy 
when very cold. 

Previous Dormant Tests.—For the 
purpose of a complete account of low 
temperature tree spray oil, the results of 
the previous work accomplished will be 
discussed briefly. 

In 1987, H. N. Worthley of the Penn- 
sylvania State College found a 2.5 per 
cent low temperature tree spray oil to 
give 100 per cent control of apple aphids 
and poor control of European red mite. 
The treated trees showed no aphids per 
100 buds examined and 44.5 per cent 
mite eggs hatching. The untreated trees 
revealed 196 aphids per 100 buds with 74 
per cent red mite eggs hatching. 

At Arendtsville, Pennsylvania, Worth- 
ley & Steiner (1988) found a spray con- 
taining 2.4 per cent low temperature tar 
oil and 4.0 per cent Diamond Paraffin oil 
to give nearly 100 per cent control of rosy 
apple aphid and to give good control of 
the European red mite. t.5 per cent 
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low temperature tar oil spray gave excel- 
lent rosy apple aphid control, but poor 
European red mite control. 

Spray injury to buds resulted from 
both the sprays containing low tempera- 
ture tar oil. This doubtless may be ac- 
counted for by poor emulsification of the 
tank mix and the advanced condition 
(silver tip) of the buds when sprayed. The 
$.5 per cent low temperature tar oil 
treatment caused only very slight injury, 
while the mixture containing 2.4 per cent 
low temperature tar oil caused severe in- 
jury, this difference being due to more 
stable emulsification of the former. Injury 
was entirely temporary in both cases. 

Laboratory European red mite tests 
conducted by Worthley & Steiner (1938) 
show a 2.4 per cent low temperature tar 
oil plus 4.0 per cent Diamond Paraffin oil 
combination giving $2.9 per cent control; 
a 2.4 per cent high temperature tar oil 
plus 4.0 per cent petroleum oil spray 
giving 49.2 per cent control; and a 4.5 
per cent low temperature tar oil spray 
giving 47.2 per cent mite control. These 
results indicate that low temperature tar 
oil evidently has less depressing effect on 
the toxicity of the petroleum oil to red 
mite eggs than the high temperature tar 
oil. 

During the spring of 1938, the senior 
author conducted dormant tree-spray-oil 
field-tests on apple trees in Washington 
County, Pennsylvania. Due to an un- 
expected warm spell, a large percentage 
of the leaves were out one-half inch or 
more when treated. In spite of the ad- 
vanced condition of the trees there was 
only slight foliage and fruit bud injury 
from low temperature tar oil sprays of 
+.0, 3.0, and 2.0 per cent concentrations, 
and 4.0 per cent high temperature tar oil 
spray (Straitar). These oils were diluted 
from stock emulsions containing a stabi- 
lizer. The tank mixes applied by Worth- 
ley & Steiner, were without a stabilizer. 
This may account for the differences in 
foliage injury at the two localities. 

Due to unfavorable weather conditions 
no significant data was obtained concern- 
ing apple aphid and European red mite 
control in 1938. 

1989 Dormant Ow Srupies.—A 
9-year old fruit orchard was_ selected 
for these dormant oil field studies near 
Columbus, Ohio. The orchard is inter- 
planted with 1000 peach and 1000 apple 
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trees. The peach trees are of the Elberta 
and Hale varieties, while the apple varie- 
ties consist of Red Delicious, Golden De- 
licious, Wealthy, Grimes Golden, Winesap, 
and Early Red Birds. Examination of the 
dormant trees showed, for the most part, 
all of the apple varieties to be uniformly 
infested with both apple aphid and Eu- 
ropean red mite eggs. Eggs of the Eu- 
ropean red mite were also observed on the 
peach trees, with the Hale variety more 
heavily infested than the Elberta variety. 

TrREATMENTS.— Three separate _ plots 
were designated and treated throughout 
the orchard. In Plot A, the largest, each 
block consisted of a three-row strip of 
apple trees which extended across the 
width of the orchard through all six of 
the apple varieties. Each treatment was 
duplicated. 

The treatments in this block were a 2.5 
per cent low temperature tar oil-tank 
mix spray with bordeaux as the emulsi- 
fier. A 2-4-100 bordeaux combination was 
used as the emulsifier of the low tempera- 
ture tar oil tank mixes with good results. 
This emulsion was slow breaking and the 
droplets seemed to spread evenly over the 
tree surfaces. The block was 
treated with a low temperature tar oil 
(hereafter called Heavy Oil) —Gulf Pe- 
troleum oil mix. The oils were combined 
and emulsified with lignin by means of a 
colloid mill to form a mayonnaise-type 
stock emulsion. The stock emulsion was 
used at the rate of 7 gallons of emulsion 
to 100 gallons of spray. This resulted in 
a spray mixture containing 2.5 per cent 
Heavy Oil and 2.0 per cent petroleum oil. 
The third block, used as a commercial 
check, was treated with a 2.0 per cent 
Dowspray Dormant. This material con- 
sists of petroleum oil plus an added toxi- 
cant (dinitro-o-cyclohexyl phenol). This 
material was tank mixed with an emulsi- 
fier supplied with the oil. One tree in each 
of the 6 apple varieties was left untreated. 

Two latin square plots were treated, 
one of which (Plot B) was located in the 
Red Delicious apple variety; the other 
(Plot C) was composed of peach trees with 
equal numbers of Hale and Elberta varie- 
ties. Two peach varieties were used in 
order to determine if there was any varie- 
tal suceptibility to this oil. 

Table 2 gives the different treatments 
and oil concentrations used in these two 


blocks. A block of 6 apple trees alongside 


second 
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of the latin square in the Red Delicious 
variety was treated with a commercially 
mixed oil, * Tar-O-Wash” prepared by the 
B. G. Pratt Company. The diluted spray 
of this material contained 2.4 per cent 
high temperature tar oil and 3.0 per cent 
petroleum oil, 

The peach trees were sprayed after the 
buds were swollen, about one week before 
blossom. The Red Bird apple trees were 
treated in the early delayed dormant 
stage. The other apple varieties were 
treated in the dormant period just previ- 
ous to the silver and green tip stages of 
bud development. 

Resutts oF Dormant Ow Tests. 
Apple Aphids (Plot A). Except for the 
Red Bird variety, all aphid counts were 
made at approximately the  pre-pink 
stage. At this time the rosy apple aphids 
were evident. The stem mothers of the 
apple grain aphids which hatch a little 
earlier in the season than the rosy apple 
aphid were beginning to produce young. 
The Red Bird variety, being an early ap- 
ple, was in the blossom stage when the 
aphid counts were made. 

Three trees per treatment per replicate 
were selected in each variety for count 
trees. Fifty fruit buds were selected at 
random from each of the trees. Records 
were made as to the number of buds free 
from aphids, the number of buds having 
aphids, and the total number of aphids 
found on each bud. A total of 300 buds 


Was examined per treatment located in 


Table 2.—Apple aphid and European red mite 
counts. (Plot B) 








GaALuons or Orn Usep per Avernack NUMBER NUMBER 
1m) Goat - r FIN PF Leaves INFeSt ’ APPL 
Ish - ay witTH EUROPEAN APHIDS PER 
Rep Mere Ov or 100 Faen 
I leu 150 Leaves Exam Bups Ex 
Tar O Onl INED PER TREE AMINED 
1. 500° 0 54¢ 0 
, inn 0 1s SS 0 
ryt 76 12 0 
2.0557 oe 0 
1. t “ 1 > 
ww mM o.0 0 
Un t 61 $55 
Dif fiea 0 
* Tank xed, 2-4-100 Bordeaux emulsifier 
‘7-46 1 Onl-Petroleum Oil k emulsion 
Hig! ter ture tar oi] (stock emulsion 


each variety. Fifty fruit buds were ex- 
amined from each of the untreated trees 
located in each of the apple varieties. For 
purposes of statistical analysis, each of 
these untreated sets of counts from each 
variety was multiplied by six to put the 
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aphid count on the basis of 300 fruit buds 
examined. Tabulated results of these 
counts from the various treatments 
(Table 3) shows that all treatments gave 
excellent control of the apple aphids in 
the egg stage. There is no significant 


Table 3.—Apple aphid counts (Plot A). 





NumsBer or Appce Apuip [nrestep Fruit 
Bups tx 300 ExaMInep 


2.0°%. Petro- 





2.5% leum Oil 2.0% Dow- 
Heavy 2.5%, Heavy spray n- 
Arrie VaRiery Oni Oil Dormant treated 
Wealthy 1 1 2 30 
Grimes Golden 17 2 2 270 
Winesap s 7 8 222 
Golden Delicious l 0 + 204 
Red Delicious 2 0 l 174 
Potal 29 10 17 900 
Mean 5.8 2.0 3.4 180 
Difference of mean to be significant 75 
. " ry 
difference between the treatments. The 


low number of aphids found in the un- 
treated check of the Wealthy variety may 
be due to the fact that this tree was ac- 
cidentally sprayed from one side during 
the treatment of surrounding trees. 

Table 2 shows the tabulated results of 
aphid counts in the latin square block 

Plot B) located in the Red Delicious 
apple variety. For these counts, 50 fruit 
buds per tree per replicate were examined 
and scored as described above. With a 
few trees, due to lack of sufficient fruit 
buds, some leaf buds were examined in 
order to bring the total number of buds 
to 50. 

As the table readily shows, there is no 
need for a_ statistical analysis of the 
various treatments. All treatments gave 
equally good apple aphid control. It is of 
interest to note that a Heavy Oil concen- 
tration as low as 1.5 per cent oil was ef- 
fective in aphid control, this being lower 
than the minimum successful concentra- 
tion of high temperature tar oil shown in 
the literature. In the mixed oil sprays, 
the addition of the Diamond Paraffin oil 
does not seem to interfere with the ovi- 
cidal action of the tar oils against aphids. 

EvurRoPEAN Rep Mite:—European red 
mite tests were conducted on the same 
plots and with the same materials used as 
described in the aphid tests. The latin 
square block (Plot C) which was located 
in the peach varieties was also included 
in these tests. 

In Plots A, B, and C the counts were 
made by selecting at random and examin- 
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ing 150 leaves from each of three trees 
per treatment per apple variety. The 
leaves were scored as being clean (no red 
mites present) or infested. The actual 
numbers of red mites found on the in- 
fested leaves were not recorded. 

Counts were made from May 18 to 25, 
1939, when the first generation mites 
were in the adult stage. By examining 


Table 4.—First generation European red mite 
counts. 








No. o1 
LEAVES 
INFESTED 
with Rep 
Perro Rar Mite FROM 
LEUM OF THI ryerr 150 Leaves 
Tar On Ou TwoOts or Mix Exainep 
2? 5* 0 tank 110 
3.3” 0 tank +4 
4 5° 0 tank 20) 
$.24"" 2.16 Ho 40 stock 12 
:.3 3.24 HH) OO stock } 
1. 62** ,.78 30. 70 stock $ 
> 0 2 33 45 stock jl 
0 2» ow tank 7 
0* 2 ow tank 22 
Untreated 253 
Ditference to be significant 17 
* Plot A 
© Phot ( 


the tabulated results of the counts from 
the apple block, Plot B (table 2) it is 
evident that the Heavy Oil sprays at 1.5 
and 2.0 per cent concentrations gave 
unsatisfactory control of European red 
mite in the egg stage. Good control of this 
pest was shown by Tar-O-Wash and the 
three Heavy Oil-Diamond Paraffin oil 
combinations containing 2.2-2.8, 2.0-2.5, 
1.7-2.1 per cent oil respectively. There is 
no significant difference between any of 
these latter treatments. In the same order 
as described above the three Heavy Oil- 
Diamond Paraffin oil combinations when 
diluted from an &3 per cent stock emul 
sion (37-46 tar-petroleum oil) correspond 
to stock dilutions at the rate of 6 gallons 
to 94 gallons water, 5.5 gallons to 94.5 
gallons water, and 4.5 gallons to 95.5 
gallons of water. 

At the time the counts were made, the 
untreated trees in the Elberta’ peach 
varicty, Plot C, were found to be almost 
devoid of red mites. The other half of the 
block, located in the Hale peach variety 
revealed a uniform mite population. For 
statistical analysis of the counts three 
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replicates of the treatments in the peach 
block were used. These counts along with 
those from Plot A were combined to form 
table 4. 

The analysis of this group of tests 
shows a 2.0 per cent Diamond Paraffin 
oil spray, and three Heavy-Oil-Diamond 
Paraffin oil combinations containing 3.24 
2.16, 2.16—3.24, and 1.62-3.78 per cent oil 
respectively to be effective against the 
dormant stage of the European red mite. 
The mixed oil sprays contained a total 
of 5.4 per cent oil in the finished spray. 
The ratio of Heavy Oil to Diamond 
Paraffin oil in these mixed sprays was in 
the proportions of 60 40. 40 60. and 
30,70 parts respectively. Although there 
is no significant difference between the oil 
combinations, it is probable that an in- 
crease in the amount of Diamond Paraffin 
oil tens to reduce the number of red 
mite infested leaves. With an inerease in 
concentration, Heavy Oil alone shows an 
increase in control, A 4.5 per cent Heavy 
Oil spray compares with a 2.0 per cent 
Dowspray Dormant. The mix containing 
2.5 per cent Heavy Oil and 2.0 per cent 
Gulf Petroleum oil obtained from stock 
emulsion, showed very poor control. 

The results of the tests show that 2.0 
per cent petroleum oil alone gives good 
red mite control; but the addition of 2.5 
per cent low temperature tar oil, as with 
the 2.5-2.0 mix, spoils the effectiveness 
of the 2.0 per cent petroleum oil. The 
addition of more low temperature tar oil, 
as in the $.24-2.16 per cent tar oil- 
petroleum oil mix results in an adequate 
spray for Kuropean red mite control. 
Thus it seems that a small addition of 
low temperature tar oil may depress the 
effect of the petroleum oil, but a larger 
addition adds some potency of its own 
against the red mite. This potency may 
be due to the additional paraffins from 
the low temperature tar oil. On the other 
hand, the presence of some paraffins in 
the low temperature tar oil does not make 
it any less effective against aphids than 
an equal quantity of high temperature 
tar oil. 

EKrrect or DorMANT SPRAYS UPON 
ApepLe Growtnu.—In an effort to deter- 
mine quantitatively the effect of the dor- 
mant oils upon the development of the 
apple trees, a procedure described by J.H. 
Lilly (1988) was employed. This method 
is based upon horticultural evidence that 
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similar shoot lengths ordinarily have a 
comparable number of functional buds. 
The following procedure was followed 
throughout the measurements. One-year 
old wood ranging in length from 6 to 16 
inches was used for count wood. Termi- 
nal growths of the previous growing 
seuson were selected ut random from all 
sides of the experimental trees, so as to 
get samples sprayed from all angles. The 


length of each count unit) was then 
measured and the number of lateral 


buds on it, which have put out two or 
more leaves, Was recorded. For compari- 
son, counts were also made on the un- 
sprayed trees. Ten units of count wood 
for each length was recorded from each 
treatment located in’ the five apple 
varieties 

Graphs are drawn with the classes of 
plotted on the 
numbers of 
the ordinates. The 
unsprayved control data are plotted on 
this graph, along with those of the vari 
treated plots of the same apple 
The consistency with which the 
plots differ from the control 
gives a general idea of the significance 
of the variability. Figure 1 
graph plotting data from the Winesap 


lengths 
and the 
buds on 


count wood 


abscissae average 


growing 


ols 
variely. 
sprayed 


shows a 


variety. 

When a spraved plot showed a varta- 
tion from the unsprayed plot, the sig 
nificance of the difference was tested hy 
statistical methods.* 


Table 5.—‘‘t’”? values obtained from leaf bud 





counts. 
VALut t 
2.5 2 5 Petro > 
\ Par eum ()) Do 
\ Onn > 5°) Tar Oil Dormant 
Red Delicious 6.10 6.75 0.318 
Golden Delheious ? 66 > 17 1oo 
Winesap 5 4] 1.52 0.76 
(srimes Golden 1.58 2. 55 > oS 
Red Bird 4 7 
Difference to be significant 2.57 





\fter statistical analysis for “t’ has 
been found the variances may be inter- 
preted If the deviation from 


the control is greater than the least sig- 


as follows 
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nificant difference and be a_ negative 
value, it is concluded that the treatment 
shows injurious effects to the trees. 
Should this same value be positive, then 
the treatment is considered to stimulate 
bud development. 

In actual terms of bud injury this bene- 
fit to the tree, which is derived from the 
superior lateral bud development, may be 
misleading. It is possible that this addi- 
tional lateral bud development may be 





' —_ 
UNTREATED 
145 ne J 
{25% TARO 6, 65) / 
1 20% Petroleum Oi ‘ 
35) —— 25% TAR Oil Ct» 3.4) 
20% DN (t+O.76) 
. 
6 
‘ 
< 
ac 
46 
¢ 7 3 9 10 rT 13 4 Ss rs 


Terminal growth measurements 


of Winesap Apple 


due to a slight injury by the oil to the 
terminal bud, which in turn outgrows 
the injury as the season progresses. 
Records were taken from the Red De- 
licious, Golden Delicious, Grimes Golden, 
Winesap and Red Bird apple varieties. 
The Wealthy variety was not included 
due to exeess fire blight, which killed a 
large portion of the count wood. A com- 
parison of the numbers of lateral buds 
per unit length of the previous seasons 
terminal growth was made between an 
untreated tree located in each variety and 
a 2.5 per cent Heavy Oil-tank mix spray, 
a 2.5-2.0 per cent Heavy Oil-petroleum 
oil mix, and a 2.0 per cent Dowspray Dor- 
mant. In the Red Bird variety only a 2.5 
per cent Heavy oil-tank mix was used. 
At the time of treatment, the Red Birds 
were in the silver and green tip stages, 
while the other trees were completely 
dormant, just approaching the silver tip 


stage. 
Results of these tests may be found in 
table 5. 
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Excepting for the Grimes Golden 
variety, the 2.5 per cent Heavy Oil spray 
showed superior lateral bud development 
of the trees. From a stock mix spray con- 
taining 2.5 per cent Heavy Oil and 2.0 
per cent petroleum oil a superior bud de- 
velopment was evident in the Red De- 
licious variety. With the Golden De- 
licious, Winesap and Grimes varieties 
there is no significant variation from the 
untreated trees found therein. Injury to 


Table 6.—Laboratory tests with dormant oils 
for oyster-shell scale. 





GALLONS oF OF 
[sep Per 100 


GALLONS OF AVERAGI 


SPRAY NUMBER 01 
“CRAWLERS * 

° Petro per Five 1 

Tar leum incu Twics 

TREATMENT Oil Oi EXAMINED 
Heavy Or; 5.0 0 13.4 
Heavy Oil ..d 0 11.6 
Heavy Oil +0 0 107.0 
Heavy Oi 3.0 0 119.0 
Heavy Oil 2.0 0 211.4 
Niravtar $5 0 17006 
Tar-Petroleum Oi} 2.8 7 5.0 
Tar-Petroleum Oil +0 O.5 66.8 
Tar-Petroleum Oil 3.5 1.0 S900 
Tar-Petroleum Oil 0 l.o 112.0 
Tar-Petroleum Oi] 2.5 2.0 110.0 
Tar-Petroleum Oil 2.0 c.o 169.0 
Tar-O-W asi 2 8 B.S 54.6 
Untreated 285.2 
Difference to be significant 55.6 





the Grimes variety was caused by a 2.0 
per cent Dowspray Dormant. With this 
same material, there was no significant 
difference over untreated trees in the Red 
Delicious, Golden Delicious, and Wine- 
sap apple varieties. 

Lanoratory Trests.—Oyster-shell Scale. 

Lilae branches which were heavily in- 
fested with oyster-shell scale were brought 
from the field into the laboratory. The 
branches were cut into 7-inch lengths and 
stored in a cold cabinet at a temperature 
of 2 degrees centigrade until time of 
treatment. A preliminary examination of 
the scales on the cut twigs showed ap- 
proximately 75 per cent of the scales to 
contain overwintering egg Masses. 

The spray materials were mixed in 
$-gallon batches in a 5-gallon tank which 
in turn contained two paddle-type agi- 
With the spray solution being 


tators. ‘ g 
agitated, the twigs 


were 


constantly 
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dipped vertically into the solution and 
allowed to remain there for 5 seconds. 
Upon removal, the treated twigs were 
taken to the greenhouse and placed stem 
end down into a bed of moist sand. When 
the twigs had dried, a tanglefoot barrier 
was placed around each twig 6 inches 
down from the top. This barrier pre- 
vented any hatched scale from crawling 
down from and off the twig and also pre- 
vented arrival of scales from other twigs. 
Five 6-inch twigs were used per treat- 
ment. 

To determine the had 
hatched completely, two untreated twigs 
were set aside. These twigs were ex- 
amined daily and the young crawlers, if 


when scale 


any, were removed. When these twigs 
showed no more scale emergence, the 


counts were made on the 
treated and untreated twigs. 

The top inch of each twig was used for 
the counts. Practically all of the crawlers 
tended to migrate to the top portion of 
the twigs. The number of young scales 
below the top inch were very few and in- 
significant in numbers compared with the 
total count. The total numbers of crawl- 
ers and second instar nymphs were re- 
corded, the results of which counts are 
tabulated in table 6. 

Several materials used in this. test, 
which showed no significant difference in 
toxicity were 4.5 and 5.0 per cent Heavy 
Oil sprays, Tar-O-Wash containing 2.8 per 
cent high temperature tar oil and 3.5 per 
cent petroleum oil, a Heavy Oil-Diamond 
Paraffin oil spray of the same concentra- 
tion as the Tar-O-Wash, and a_ tar 
Oil-Diamond Paraffin’ oil combination 
$00.5. A 4.5 per cent low temperature 
tar oil spray proved to be significantly 
better than a high temperature tar oil 
spray of the same oil concentration. 

Oi Deposit Tests.—In the field the 
two Heavy Oil tank mixes, each of which 
was emulsified with a different amount 
of bordeaux, behaved very differently. 
The Heavy Oil emulsified with 3 4-100 
bordeaux, rapidly deposited excess free 
tar oil on the trunks and branches of the 
apple trees. The oil emulsified with 
24.100 broke much more slowly and 
seemed to spread more evenly over the 
tree surface. Both materials emulsified 
well in the spray tank. 

To determine the relative actual de- 
posit of oil per unit area from the two 


remaining 
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types of mixes, laboratory tests were 
conducted. 

Glass plates covered by a thin wax film 
were sprayed with the various emulsions. 
Glass plates 2}"4}" were thoroughly 
cleaned and then dipped once into a wax- 
lacquer preparation made by L. P. Har- 
ris of the Sherwin-Williams Company. 
The wax is incorporated in the lacquer. 
Upon the drying of the latter, the wax is 
squeezed from the mixture forming a thin, 
uniform film of wax on the surface of the 
glass plate. The plates were allowed to 
drv overnight and then weighed. For 
treatment the glass plate was clamped in 
a vertical position and at a slight angle 
to a board which in turn was attached to 
a rotating shaft (fig. 2). Directly in front 


-F 


--D 
fe 
| 


Fic. 2.—Diagrammatie sketch of plate-oil 








deposit apparatus 


\. Glass plate plus wax film E. Pulley 


B. Clamp FF. Barrier 
C. Backing (;. Aperture 
LD). Rotating shaft | Spray nozzle 


of the rotating unit and between it and 
the spray nozzle a fiber board barrier 
was placed. A hole the size of the glass 
plate was cut in the barrier just in front 
of the position where the glass plate 
would pass when rotated. As the glass 
plate rotated, the spray nozzle was 
opened. Everytime the glass plate passed 
the aperture in the barrier, it received a 
uniform dosage of the spray. A board 
backing was added to the board on which 
the plate was clamped, thus preventing 
the glass plate from receiving any spray 
on the rear side of the plate as it turned 
away from the open aperture through 
which oil was constantly being sprayed. 
Each glass plate was sprayed on both sides 
to increase the area covered. 
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In general this method was satisfactory 
in obtaining a uniform spray deposit. The 
glass plate rotated at a uniform speed and 
the spray was applied at 300 pounds pres- 
sure. The length of time the glass plate 





Fic. 3.—Glass plates sprayed with a 2.5% tar oil 


tank mix emulsified with bordeaux !9-34-100. The 
upper plate received one application and has a total 
oil deposit of 4.0 mg. The lower plate received four 
applications and has a total oil deposit of 24.9 mg. 


Was sprayed was determined by the num- 
ber of times it passed the aperture while 
the oil was being sprayed. The applica- 
tions were applied in two series. One 
series received only one application of the 
spray. The other series received four ap- 
plications. After treatment the plates 
were hung up to dry and then reweighed 
to determine the amount of oil deposited 
thereon. Each treatment was replicated 
six times. 


Table 7.—Deposit tests showing the relative 
amounts of oil deposited on waxed glass plates. 
(Weight in mgs. of total oil and emulsifier de- 
posited per 17.5 sq. in. surface.) 





1 4 
APPLI APPL 
MATERIAL EMULSIFIER CATION CATIONS 
2.5 Heavy Oil Bordeaux }-]-100 +.0 24.9 
2.5°, Heavy Oil Bordeaux 1-1)-100 15.5 2.4 
&.5 Heavy Oil Bordeaux 2-4-100 16.4 14.8 
2. 5° > Straitar Stock Emulsion (85°; oil 1.9 6.7 
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Fic. 4 Glass plates sprayed with a 2.5°) tar oil 


tank mixed with bordeaux 1-1.5-100. The upper 
plate received one application and has a total oil 
deposit of 15.5 mg. The lower plate receiy ed four 
applications and has a total oil deposit of 12.4 mg 





Pia. 5.--Glass plates sprayed with a 2.5) tar oil 


tank mixed with bordeaux 2-4-100. The upper plate 
received one application and has a total oil deposit 
of 16.7 mg. The lower plate received four applica 
tions and has a total oil deposit of 15.8 meg 





Vol. ded, No. } 


The oils were tank mixed in the labora- 
tory by means of a milk shake type agi- 
tator. 

Tabulated results of these tests are 
shown in table 7. 

This work shows some interesting indi- 
cations. With the }- }-100 bordeaux mix, 
which was very quick breaking, it is 
shown that the initial oil deposit is low, 
but continued application of the emul- 
sion readily builds up a high oil deposit. 





Fic. 6.—Glass plates spraved with a 2.55% high tem- 

Phe upper 
plate received one appli ition and has a total oil 
deposit of 1.06 mg. The lower plate rece ed four 


perature tar oil spray found in “Sf? 
applications and has a total oil deposit of 6.55 mg 


This, no doubt, is due to the quick 
breakage of the emulsion, in which case 
the emulsifier was prevented from causing 
excessive run-off from the sprayed sur- 
face. Emulsions containing 1 1)-100 and 
2 4-100 bordeaux concentrations respec- 
tively behaved similarly. It is believed 
that the high initial deposit, if not from 
experimental error, may be due to the 
additional weight afforded by the emulsi- 
fier which also remained, in part at least, 
upon the sprayed plates. Continued ap- 
plication of these mixes indicate that 
there is excessive run-off from the sprayed 
surfaces. It also seems to indicate that 
some of the initial deposit) may he re- 
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moved along with this run-off. Further- 
more, it is apparent that a 1-15-100 
bordeaux would have been just as good 
in the field as the 2-4-100 bordeaux 
which was used. The objection to the 
3 100 bordeaux is that on continued 
application too much oil would be de- 
posited on the tree surface which might 
cause serious injury to the tree. With the 
2.5 per cent Straitar emulsion, the initial 
deposit is low and increases upon addi- 
tional application. 

Figures 3, 4, 5 and 6 show the oil 
deposit formed on the sprayed plates. 
No doubt some of the emulsifier is also 
present. 


Summary.—-In a further effort to eval- 
uate low temperature tar oil as a tree 
spray oil, field and laboratory tests were 
conducted at the Ohio State I niversity 
during 1938 and 1939. 

Low temperature coal tar oil differs 
from high temperature coal tar oil chiefly 


in its higher percentage of tar acids (of 


high boiling range), of paraffins, and its 
lower percentage of aromatics 

\s an ovicide against apple aphids, tree 
spray oil from low temperature tar Is as 
effective as is a tree spray oil from high 
temperature tar, both used at 2.5 per cent 
concentration. In one instance a 1.5 per 
cent low temperature tar oil spray gave 
adequate control against these pests. The 
addition of petroleum oil to tar oils in 
usual proportions does not affect their val- 
ue as aphid ovicides. 

A 4.5 per cent low temperature tar oil 
spray shows equally as good control in 
the field against the eggs of European red 
mite as a 2.0 per cent Dowspray Dormant 
In this spray, the stock emulsion of which 
was compounded with lignin by means of 
the colloid mill, and contained 2.5 per 
cent low temperature tar oil plus 2.0 per 
cent petroleum oil, it is apparent that 
the tar oil when used in this proportion 
depresses or counteracts the toxic effect 
of the petroleum oil against the red mite 
eggs. When a spray containing 3.24 per 
cent low temperature tar oil plus 2.16 
per cent petroleum oil was used (5.4 per 
cent total), good control of the mite was 
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obtained. Thus it seems that a small ad- 
dition of low temperature tar oil depresses 
the effect of the petroleum oil, but a 
larger addition of the tar oil adds some 
potency of its own against the European 
red mite. A 1.7 per cent low temperature 
tar oil plus 2.0 per cent Diamond Paraffin 
oil spray gave the most economical mite 
control of all the sprays tested, but it is 
questionable whether a sufficient factor 
of safety is present to assure good control 
all of the time. 

Against the egg stage of oyster-shell 
scale a 4.5 per cent low temperature tree 
spray oil proved to be significantly better 
than a high temperature tar oil spray of 
the same concentration. Other sprays 
giving good control, with no significant 
difference between them were “Tar-O- 
Wash” containing 2.8 per cent high tem- 
perature tar oil and 3.5 per cent petro- 
leum oil, a low temperature oil-Diamond 
Paraffin oil of the same concentration as 
Tar-O-Wash, and a low temperature 
tar oil-Diamond Paraffin oil combination 
£.0-0.5. 

When applied in the dormant or de- 
layed dormant stages to apple trees, low 
temperature tree spray oils, when prop- 
erly emulsified and applied, showed little 
or no injury to the buds or foliage. In 
fact, the oil in most cases, showed su- 
perior lateral bud development of the 
treated trees over those which were un- 
treated. There was no injury to either 
the Hale or Elberta peach varieties by 
the low temperature tar oils. 

Due to the apparent safety of a 
properly stabilized Heavy Oil emulsion 
to apple foliage, further investigations of 
the oil for delayed dormant purposes is 
warranted. 

Preliminary results of plate-oil deposit 
studies conducted in the laboratory indi- 
cate that a 1-15-100 bordeaux combina- 
tion is sufficient emulsifier to give a safe, 
fairly slow breaking emulsion containing 
2.5 per cent low temperature tree spray 
oil. Photographs accompanying this paper 
show at a glance the oil deposit obtained 
from the various tank mixed sprays. 
t-1 1-40. 
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Relative Susceptibility of the Ootheca* and Adult Female of 
the German Cockroach to Liquid Household Insecticides 


Barsara M. Parker and F. L 


The adult female of the German cock- 
roach, Blattella germanica L., carries its 
ootheca until the eggs within it hatch. 
The ootheca of this species is therefore 
more exposed to the action of liquid in- 
secticides directed upon the active insects 
than are the the oothecae of other com- 
mon species which are dropped and some- 
times concealed by the females long 
before the eggs hatch. It is of practical 
importance to know whether the oothecae 
of the German cockroach may survive an 
application of spray sufficient to kill the 
females to which they are attached and 
to what extent a differential effect may 
occur. 

The investigation of this question is 
complicated by the fact that certain 
sprays may cause the female to drop its 
ootheca prematurely Woodbury, 1938). 
It was necessary, therefore, to study the 
hatching of manually detached oothecae 
as well as the hatching of 
dropped by the females as a result of 
insecticidal action. 

HATCHING OF MANUALLY DetacuEep 
OoTHECAE.—Ross (1929) and Woodruff 

1938) have observed hatching of manu- 
ally detached oothecae of the German 
cockroach and found that the probability 
of hatching increases with the age of the 
oothecae at the time of removal. Both 
workers set an age limit below which no 
detached oothecae were seen to hatch. 

In the present investigation a study 
was first made of the life history of the 
German cockroach as reared in the labo- 
ratory under conditions described by 
Woodbury (1988). Only data pertinent 
to the present question are mentioned 
here. It was found that the time elapsing 
from the appearance of the ootheea until 


oothecae 


CAMPBELL, Oh 


o State Uy or fy, ¢ 


normal hatching ranged from 17 to 28 
days at 76 to S3°F. The approach of 
hatching is indicated by the development 
of a greenish substance in the alimentary 
tract of the embryos. This green band, 
already noted hy Woodruff (1938) and 
others, may first be observed 6 or 7 days 
before the Woodruff 
stated that it usually appears 3 days he- 
fore hatching and that oothecae removed 
from females before the 
this band invariably failed to hateh. 

To check the obse rvations of Woodruff 
and of Ross, the oothecae were removed 
from 55 of 115 females. The remaining 
60 bearing oothecae were held as checks, 
while the detached oothecae were placed 
in dry covered petri dishes which were 
kept in the laboratory In 2 to t lays the 
detached capsules had shrivelled and ap- 
peared incapable of hatching. Neverthe- 
less they were kept under observation 
for 4 weeks together with the checks. 
Many of these shrivelled oothecae did 
hatch as shown in table 1, one of them 
hatching partially 24 days after it was 
removed from the female. As the cheek 
oothecae completed hatching 28 days 
after the beginning of the experiment, tt 
is obvious that hatching may occur from 
ootheeae that have been removed at an 
early age, long before the appearance of 
the green band. 

The 


oothecae 


ootheea hatches. 


appearance of 


shrivelled 
size but 
normal in The 
percentage of detached ootheca hatching 
was less than that of the normal checks 
and partial hatching was more prevalent 
among the former. It is clear that removal 
of the ootheeae did have a detrimental 


hatching from 
subnormal in 
othe r 


insects 
were 


seemed respects. 


effect on hatching although the effect was 
much less than that indicated by previous 
workers. 
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Much additional experimental work 
was done on detached oothecae, but as 
the results may have little practical value 
they are merely outlined here. 

The shrivelling of detached oothecae 
under dry laboratory conditions is un- 
doubtedly due to desiccation. [It would 
seem, therefore, that if detached oothecae 
were kept in air saturated with moisture, 
shrivelling would be prevented and the 
hatch improved. It was found, however, 
that shrivelling cannot be prevented in 
this way. On the other hand, if detached 


Table 1.—Hatching of detached ooethecae of 
unknown ages kept under laboratory conditions. 





Per Cent o1 Time Be- 
Oornecar Harcuing TWEEN START 
NUMBER lest AND 
(or Pa HATCHING OF 
OorTH plete tial Potal OoTHECAI 
9 11 2 1 l 7 days 
detached 
40 4 SS S 14 
) 7 12 1-21 
t } 22-24 
l ( 46 G2 1 %td s 
ou “ 1-28 day 





oothecae are kept in contact with liquid 
for example, on wet filter 
shrive ling doe s not oecur. On the 


water, as, 
pape is 
contrary, oothecae so treated may swell 
noticeably, indicating that the ootheea 
Is yx rmeable to water. The 
hateh of wet ootheeae was not as great 
as that of dry but partial 
hatching did not occur from the former. 

The foregoing observations indicated 
that the normal attached is in 
physiological equilibrium with the body 
fluids of the female cockroach, or, in 
other that the attached end of 
the ootheea is permeable to water in the 
body of the female. It seemed, therefore, 
that the 
might he obtained by 


percentage 


oot he CAC, 


ootheea 


words, 


best hatch of detached oothecae 
placing them in 
contact with a phy siological salt solution 
This was done by placing oothecae in 
closed Petri dishes on filter paper satu 
rated with a solution deseribed by Yeager 
& Hager (1954 them in 


experiments on 


and used by 


the Oriental cockroach. 
Thereafter the filter paper Was moistened 
time to time with distilled 
Under such conditions it was shown that 


from water. 
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Table 2.—Hatching of detached oothecae of 
unknown ages kept in contact with physiological 
salt solution. 





Time Be- 
TWEEN START 
or TEST AND 
HATCHING OF 


Per CENT OF 
Ootruecak Hatrcuine 
NUMBER 


OF Com- Par- 


OQornecak plete’ tial Total OoTHECAE 

150 22 6 28 I~ 7 days 
detached 23 t 27 8-14 
be ) 13 15-23 

Total 538 15 68 1-23 days 

83 76 2 78 1-30 days 


attached 





some oothecae can be caused to hatch 
when removed from the female within 24 
hours after their extrusion from the in- 
sect. In another experiment on oothecae 
of unknown ages, similar in arrangement 
to that shown in table 1, a better hatch 
was obtained than that secured from dry 
oothecae. The results are given in table 2. 
The oothecae used in this experiment did 
not shrivel nor swell and the hatch more 
nearly approached that of the checks than 
was the case in any other experiment. 
Observations made during the course of 
the foregoing work indicate that mating 
occurs about 6 days after the last molt of 
the female. The first ootheca appears 
about 4 days after mating. A female may 
form from two to seven oothecae during 
her life and one mating appears to be suf- 
ficient to fertilize all the eggs produced. It 
was of particular interest to note the ef- 
fect of premature removal of the ootheca 
on the time of appearance of the next 
Table 3.—Time between removal of one 
ootheca and formation of the succeeding ootheca 





Time (in Days) BETWEEN 


Removal of One 


Ootheca and Appearance of 


\ppear- Appearance of First and Ap- 
NUMBER ance of the Next. pearance of 
ol Ootheca Succeeding Second 
Oorne- and Re- Ootheca Ootheca 
CAI moval Average (Average 
21 0 14.1 14.1 
13 l 15.1 16.1 
25 2 14.2 16.2 
1S , 15.9 18.9 
15 t 14.8 18.8 
25 6 14.5 20.5 
21 7 13.3 20.3 
6 S 12.3 20.8 
6 16 9.6 25.6 
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ootheca. The results, shown in table Dy 
indicate that if an ootheca is removed 
when it is less than a week old, a period 
of about 2 weeks elapses before the ap- 
pearance of a second ootheca. The normal 
period of time between hatching of an 
attached ootheca and the appearance of 
the next is from 7 to 9 days. As oothecae 
are normally carried from 17 to 28 days, 
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1938). The untreated insects and un- 
treated checks were placed for observa- 
tion in half-gallon glass jars with food and 
water. Counts were made at the end of 
24 hours to determine the number of 
dropped ootheecae and the mortality 
among the females with or without 
oothecae. Insects still living at this time 
but unable to walk could be called dead. 
All with without dead 


oothecae 








averaging 21 days, the removal of young or or 
Table 4.—Effect of liquid household insecticides on German cockroaches carrying oothecae. 
ALI 
CONCEN- NUMBER OoTHECAr Apu 
PRATION IN INSECTS OoTHECAL FAtLING FeMALFS 
INSECTICIDE KEROSENE ‘TREATED Droprep ro Haren KILLED 
Ma. per ¢.¢. Per Cent Per ¢ f Per Cent 
Dose about 1.2 mg per sq. em.” 
©.T.1. (pyrethrins l 2973 82 60 o4 
Pyrethrins 2 273 95 4 M5 
Normal butyl carbitol thioevanate 1OO YI 1 (2 100 
Cresylic acid +] 207 IS > i] 
Rotenone* l 223 20 7 Is 
Kerosene check 278 22 9 6 
Untreated check oothecae attached 165 1] 4b) S 
Dose about 0.8 mg per sq. em a 
0.7.1. (pyrethrins | 119 oo 7 5) 
Pyrethrins 2 11s Ss a SS 
Normal butvl carbitol thioevanate oo 110 3} nb bt aj 
Cresvlic acid loo 120 It 2 27 
Rotenone* 2 1G Lo 0 26 
Kerosene check 1i+ 25 2s ie 
Untreated check oothecae ttached 119 22 at) s 
| ntreated check oothecae det ac hed 161 is 
*A pr yprietar nutual solvent was used to keep rotenone in solutiot heroser 
** In table 4 of Woodbur s paper (1938 ' wae A I» ting off l orl i j 
to kill 50 per cent of adult femal ou 1 1.52 mg. pe 


oothecae actually accelerates the rate of 
egg production. 

Krrect or Liquip” INsecTICIDEs. 
With the exception of the Official Test 
Insecticide (O.T.1.) of the National As- 
sociation of Insecticide and Disinfectant 
Manufacturers, all sprays used in this 
work were made by adding toxicants to 
a highly refined kerosene, the character- 
isties of which were listed by Woodbury 
& Barnhart (1989). The substances used 
and their concentrations and dosages are 
given in table 4. 

Female cockroaches bearing their first 
oothecae were selected for each SeTICS of 
comparative tests from a batch that had 
hatched on the same day. 

The spray was applied by a settling 
method by Woodbury 


mist deseribed 


t weeks un- 
der comparable conditions for records on 
hatching. 

The essential results of these tests are 
shown in table 4. At the concentrations 
used, the effective those 
that contained pyrethrins or normal butyl 
carbitol thiocyanate, hereafter called 
“thiocyanate.” Although both sprays ex- 
erted a marked paralytic effect on the 
insects, the pyrethrins caused a majority 
of the females to drop their oothecae, 
whereas the thiocyanate had no such 
effect. One must suppose that the pyr- 
ethrins cause muscular contractions that 


living females were retained 


spray s were 


are not induced by the thiocyanate. 
The results show that the loss of the 

ootheca by action of pyrethrins does not 

necessarily result in the death of the fe- 








= Se 
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male: e.g.. where 5S per cent of the oo- 
theeae were dropped only 45 per cent of 
the females died and not all of these had 
lost their oothecae. If the environment in 
which these dropped oothecae lie should 
be unfavorable for further development 
of the embryos, one might get a higher 
kill of the oothecae than of the females. 
However, at higher dosages and concen- 
trations, the kill of females by pyrethrins 
was markedly higher than that of oo- 
thecae. Moreover, there is no doubt that 
the pyrethrins exerted some direct in- 
secticidal action on the oothecae as can 
be seen by comparing the mortalities of 
oothecae following pyrethrin treatment 
with that of the checks. 

The thiocyanate was used at a concen- 
tration equivalent to 20 per cent of the 
commercial concentrate by volume. At 
this unusually high concentration it was 
the most effective spray against the adult 
female and was equally as effective as 
the pyrethrins in preventing the hatching 
of the ootheecae. An ootheca attached to 
a dead female probably has little more 
chance of surviving than a detached oo- 
theca. At the concentrations and dosages 
used the females were more susceptible 
than the ootheecae. 

With respect to the pyrethrins and the 
thiocyanate it may be concluded that 
the female German cockroach is more 
susceptible than the ootheeae to applica- 
tions that give a high kill of females, but 
that both sprays have an insecticidal 
effect on the ootheeae. 

In the second series of tests (table 4) 
eresylic acid was comparable in concen- 
tration to the thioevanate. It is doubtful 
that it had any effect on the oothecae, 
though it may have been slightly effee 
tive against the adults. Rotenone likewise 
was of doubtful value at the concentra- 
tions used, which are comparable with 
those of the ps rethrins. The results on 
the relative effectiveness of py rethrins 
and rotenone did not agree with those 
of Woodbury (1988) who found that 
these toxicants were equally effective 
against the second instar German cock- 
roach. However, a different mutual sol- 
vent was used by the present writers as 
well as different stages of the insect. The 
kerosene itself had no demonstrable effect 
on the ootheeae or the females. 

When the foregoing work was being 
done, the writers knew that the resistance 


of the German cockroach to pyrethrum 
sprays increases in the order: Young 
nymphs, adult males and adult females 
(Woodbury 1938). When it was deter- 
mined that the ootheca may be more re- 
sistant than the adult females, it was 
thought that the stage most resistant to 
pyrethrum sprays had been found. How- 
ever, more recent unpublished work by 
T. T. Haack indicates that large nymphs 
are also more resistant than adult females. 
The relative susceptibility to pyrethrum 
sprays of large nymphs and oothecae is 
not yet known. 

SuMMARY.—Kerosene sprays contain- 
ing extracts of pyrethrum gave a high 
kill of adult female German cockroaches, 
Blattella germanica L., when applied by a 
settling mist method at certain concen- 
trations and dosages. Under this treat- 
ment the majority of the insects dropped 
their oothecae prematurely, no doubt be- 
cause of muscular contractions induced 
by the pyrethrins. By comparing the per 
cent hatch of oothecae so detached with 
that of oothecae manually removed from 
untreated females, it was shown that the 
pyrethrins exert some insecticidal action 
on the oothecae, but that the per cent 
mortality of oothecae was not so great as 
that of the females to which they had 
been attached. It was concluded that 
when a high kill of females is obtained 
by pyrethrum sprays, the females are more 
susceptible to this insecticide than are 
their oothecae. With the possible excep- 
tion of the large nymphs, the ootheca is 
the most resistant stage of the German 
cockroach to pyrethrum sprays. 

The effect of the pyrethrins on females 
and their oothecae was compared with 
that of other toxicants. At an unusually 
high concentration normal butyl carbitol 
thiocyanate gave about the same_ per 
cent mortality of females and oothecae 
as did the pyrethrins. However, this 
thiocyanate did not cause the females to 
drop their oothecae, although its paralytic 
effect was greater than that of the pyr- 
ethrins. It was concluded that this thio- 
eyanate had some insecticidal value 
against the oothecae at the concentration 
used, but that the females were more 
susceptible than their oothecae. 

At the concentrations used, cresylic 
acid was comparable to the thiocyanate 
and rotenone to the pyrethrins. Neither 
substance caused the females to drop their 
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oothecae and neither caused marked mor- 
tality among the females or their oo- 
thecae. 

In connection with the foregoing work, 
observations of biological interest were 
made. It was found that oothecae manu- 
ally detached from females shrivel rapidly 
under room conditions, but nevertheless 
a shrivelled ootheca may hatch com- 
pletely or partially, even when removed 


Vol. 33, No. j 


from the female soon after it is extruded. 
A better hatch may be obtained by keep- 
ing detached capsules in contact with 
physiological salt solution, thus prevent- 
ing shrivelling by simulating to some ex- 
tent the condition of liquid transfer 
existing when the ootheca is normally at- 
tached to the female. Early removal of 
an ootheea accelerates production of the 
succeeding ootheca.—-3- 12-40. 
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ION Dusts on Hops for Control of the Red Spider: 
| | 


H. E. Morris 


Historica Review.—The common 
red spider, Tetranychus telarius L., was 
first reported on the Pacific Coast by 
Gustave Eisen in 1876. Cook (1881) 
wrote of its damage to almond and fruit 
trees in 1881 and suggested one pound 
of lye per gallon of water for its control. 
Washburn (1$92) recorded its attack on 
Oregon hops in 1892. The economic im- 
portance of red spider on hops from this 
date is closely associated with the de- 
velopment of the hop industry. Parker 

1914), in 1912, studied the life history 
and habits of red spider on California 
hops, and recommended flour paste 
(8-100) or a combination of flour paste 

t-100) and lime sulfur, 36 degrees 
Baumé (1-100) as control measures. 

Ewing (1914) made an_ exhaustive 
study of the biology of the red spider in 
1914 but offered no practical control for 
it on hops. In 1923 Lovett (1923) recom- 
mended a 1.5 to 2.0 per cent spray mix- 
ture which consisted of concentrated lye, 
calcium caseinate and sulfur or a mixture 
which consisted of 2 gallons liquid lime 
sulfur, 5 pounds dusting or sublimed sul- 
fur and 0.5 pound of calcium caseinate 
in 100 gallons of water for control of the 
common red spider on hops. Mote & 
Thompson (1926) carried on field tests in 
1924 with oil and sulfur sprays. They 
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found oil sprays to be effective but causa- 
tive of foliage Injury. The lime sulfur, 
dusting sulfur, calcium caseinate combi- 
nation which was recommended by Lov- 
ett was concluded to be most satisfactory. 

Hop production was curtailed after the 
adoption of the Prohibition Amendment 
and little attention was given to hops and 
hop pests until after its repeal in 19338. 
The industry grew steadily from this 
time and at present approximately 31,000 
acres are plante d with hops in the Pacifie 
Coast States) and 20,000 acres of this total 
are located in Oregon. 

Red spider again became an important 
hop pest and control problems assumed 
new aspects. Lime sulfur sprays were in 
consistent in effectiveness and this was 
attributed largely to the varied seasonal 
differences which exist throughout Ore- 
gon. The application of lime sulfur sprays 
is unpleasant and some degree of in- 
effectiveness is probably due to inade- 
quacy of coverage. Airplane dusting was 
later attempted by hop growers but met 
with little success. High ve locity low 
crop dusters were later modified for hop 
dusting and these supplanted spray ma- 
chinery in the larger hop yards. Some 
measure of control was reported with 
nicotine sulfate-sulfur-lime 10 40-50) 
dusts. However, the nece ssily of contact- 
ing red spider was entirely overlooked by 
hop growers in the development of the 
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dusting practice, and again results were 
inconsistent in effectiveness. 

In 1937, at the urgent request of hop 
growers, the State Legislature 
appropriated funds for the investigation 
of hop pests and their control. This ap- 
propriation was extended in 19389 
continue throughout 1940 and 1941. 

19388 ExpeERIMENTS.— One acre of hops 
was assigned to the Department of Ento- 


Oregon 


to 
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all spray treatments but the standard 
lime sulfur spray (Treatment 2) was sig- 
nificantly superior to all others in ef- 
fectiveness. Excellent results were ob- 
tained from the proprietary 1 per cent DN 
dust (dinitro-o-cyclohexyl phenol). Some 
slight burning resulted when this material 
was applied to baby (1 year old) hops but 
the injury was not permanent. 


1939 Expreriments.—The — excellent 


Table 1.—Summary of spray treatments of red spider control in 1938. 





Per Cent Rep Sperper Deap 


Replications 





No TREATMENT l g 3 4 5 6 7 Mean 
l ( heck No treatment 16 17 Ss 9 7 3 + 9 
) | quid lime sulfur* 2 gal oF 5S 6+ 69 9 51 7 59 

Calcium caseinate lh 
Dusting sulfur 5 lb. 
Water 100 il 
Lethane 1 qt 9 0 53 7 17 51 38 36 
Lethane S r 1 qt 
Water 100 gal 
} Powdered glue 5 Ib 69 24 56 45 24 23 10) 10) 
Water Loo il 
3 Nicotine sulfate H qt 4 } rl 25 40 52 50 37 
SN S-,3 1 qt 
\W iter 100 gal 
6 Petroleum oil } l g il i] 3 20 50 $1 53 +4 9 
Ammonium caseinate il 
Water 100 il 
7 (Juassia extract t gal 27 9 $2 13 54 i) 11 32 
SN ] qt 
Water 100 gal 
S Bentonite sulfur 6 Ih. 14 13 22 tS o7 21 14 27 
Rosin potash soap 1 qt 
Water 100 gal 
Re 
1) Ss! for significance at odds of 
19-1 19 
0-1 25 
9-1 27 


mology for pest control investigations. 
This vard was divided into two experi- 
mental blocks. Spray treatments were 
applied in one block, while the other was 
used for dust applications. The treat- 
ments applied during the 
season. The field technique used in these 
experiments is fully described by Mor 
rison (1940). The treatments with their 
results are tabulated in tables 1 and 2. 

1988 Resuvits.—Un- 


were once 


DISCUSSION O} 


satisfactory controls were obtained from 





control obtained with DN dusts in 1938 


led to more extensive tests in 1939. 
Dosage, compatibility and plant sus- 


ceptibility studies were undertaken in 
the field. Dosage tests were carried on in 
one block of the experimental yard and 
DN at concentrations of 0.03125, 0.0625, 
0.125, 0.50, 0.75, and 1.0 per cent were 
used. All dusts were diluted mechanically 
from the 1.0 per cent proprietary product 
and walnut shell flour was used as the 
diluent in each instance. Applications 
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Table 2.—Summary of dust treatments for Tetranychus telarius control in 1938. 











Per Cent Rep Speipers Dean 


Replic ations 





No PREATMEN l 2 } t ) iD Mean 
| 
l Check No treatment SO } 0 0 1 13 9 
2 0.75' Rotenone OS‘ 20 ou 35 25 a) rt a} 
Sodium lauryl sulfate 2 
} 0.75°, Rotenone ON, +4 13 2 67 0 ‘ > 
Sodium lauryl sulfate | 
Laurvl thioevanide l 
t 0.05°> Pyrethrum ow 4 25 IS ) re 6 
Hydrocarbon oils s 
Acid insoluble ash ) 
) 05" Pyvrethrum OS 7 15 oo yen 0 1s 
Acid insoluble ash 4 
0 98> dusting sulfur My Jt 71 ‘ ss S 3 
Orgamic sulfur compd* 10 
7 10°, Nicotine sulfate 5 LD r 19 OG ; tt 67 
Hvdrated lime a0 
ys’ dusting sulfur 5 
Ss DNOCTHEP or DN** ty 10 roo wo row Os ri Qn 
Walnut shell flour 99 j 
\w x t FE. 1 Pr e New a & ¢ 
I> x 
1) 
” 


were made with a small portable power The treatments were made but once dur- 
duster in a manner similar to that of ing the season and temperatures, 


—_—_—_ 


at the 


spraying. Thorough coverave of the lli- time of application, did not exceed S53 
derside of the hop leaves was the objective degrees. The field technique was similar 
and increasing wind velocity made this to that used in 1988 but the addition of 
difficult as the hour of the day progressed. new hop plants in 1988 made it possible 


Table 3.—Summary of Dosage Trials. 











Per Cent Dead R - Dora 
P ‘ Rep! Re 
N I \ ! 4 ' M s 
Check—No treatment f 7.0 6.1 7.1 ‘ s ’ 
4 DNOCHP 1 
Walnut shell fou 90 0 +4 oo 90 oo 0 moo oo 8 an oo 8 woo lin ) s 5181 
DNOCHP 0.75 
Walnut shell four 99.25 156 0.7 10.0 o.%5 100.0 100.0 m5 100.0 m5 oo 8 n 
' DNOCHP 0.50 
Walnut shell flour 99.50 Le 90.5 100 0 10 0 00 6 oof 98 ’ l moo ’ 54 
DNOCHP 0.25 
Walnut shell four 99.75 te mo0 990 8 09 7 oo 8 ao ¢ an ” oo ) 5 tSS0 
6 DNOCHP 0.125 
Walnut shell f ir OO S75 125 os S 05.5 “7.2 95.6 Os 5 as xo ; ’ ’ ’ Ovi 
DNOCHP 0.0625 
Walnut shell four 90.487 119 on 0 70 8 ox 8 00 6 ox 7 mo ) S ; 6419 
8 DNOCHP 0 O8le 
Walnut shell four 99. 96875 156 O49 O87 100.0 06.5 “7 m0 s os ’ H565 
Diff - gnificance at odd 
19-1 1.7 
1-1 2.0 
9-1 2.2 








—EE ——— 
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to use eight treatment replications. The 
data from this experiment are shown in 
table 3 

The data in table 3 were subjected to 
the method of analysis of variance as 
suggested by Huber & Sleesman (1935). 
This method is very useful in the analysis 
of biological data but it excludes the vari- 
ance due to differences in the rate of 
mortality. This variance reaches its maxi- 
mum about the 50 per cent point of the 
dosage mortality curve and decreases 
about the 0 and 100°) per cent points. 
Treatment 6 (0.125 per cent DN) was 
found signifi antly inferior to treatments 
9, 3, 4. 5, and 7 (1.0, .75, .50, .25, and 
0625 per cent DN). The standard devia 
tions of treatments 6, 7, 
higher than treatments 2, 3, 4 
and 5. This that the 
mortality curve probably departed from 


and & are con- 
siderably 
sugyvests dosage 
its upper limits somewhere between the 
0.125 and 0.25 per cent points. 

1900) estimated that the leaf 
area of a hop plant was 120 square feet. 
This figure naturally is subject to con- 
siderable variation and too much reliance 
should not be given to results obtained 
from its usage. Hop yards are normally 
planted with 6&0 hills to the aere and 
approximately two plants to 


( ross 


there are 
each hill. Pounds per acre and percentage 
DN are listed as two 

measurements in table 3. These are con- 


variable dosage 


verted in terms of micrograms per square 
centimeter in table 4. 

Bovee eeal 1939 
tory. tests and determined 
mortality curve of DN dust on the citrus 
red mite, Paratetranychus citri MeG. They 
observed that the common red spider was 
more susceptible than the citrus red 
spider to DN dusts. The upper limit of 
the dosage mortality curve on P. citri 
0.565 microgram per 


earried on labora- 


the dosage- 


was obtained at 
square centimeter. 

The converted DN 
prisingly close to the values obtained by 
Boyee et al., again indicating that the 
upper limits of the dosage mortality 
curve may have occurred in the field on 
hops hetween dosages of 0.125 and 0.25 
per cent at the rate of 185-140 pounds 
per acre 0.47 microgram per square 
centimeter). This theory is 
inconclusive data but it does suggest the 


dosages are sufr- 


based on 


necessity of refining field technique for 
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closer measurement of rates of applica- 
tion. 

Compatibility tests were made in the 
remaining block of the experimental yard. 
Dusts were diluted mechanically from the 
1 per cent proprietary product and the 
DN concentration was held constant at 
0.25 per cent in all instances. Tale, hy- 
drated lime, diatomaceous earth and 
bentonite were used as diluents. Added 
toxicants such as Loro, nicotine sulfate, 
pyrethrum and rotenone were used in 
several of these mixtures. Only one ap- 
plication was made during the season and 


Table 4.—Summary of dosage tests. 





TREATMENT CONCENTRATION Per Cent Rep 


No or DN* Spipers Dreap 
1 0.00 6 

2 3.70 100 

5 8.50 100 

} Le 100 

5 1.0] 100 

6 47 06 

7 22 99 

S .u4 97 





* Microgr ims per square centimeter, 


the temperature at this time did not 
exceed 85 degrees. The methods used in 
this experiment were similar to those in 
the dosage block. The treatments and the 
results obtained from this experiment are 
tabulated in table 5. 

The rate of application averaged 96+ 
36.7 pounds per acre and again wind 
velocity was important in introducing 
variations in dosage. Pounds per acre is 
a poor unit of measurement when various 
diluents which possess different densities 
are to be compared. Dosages are therefore 
tabulated in terms of micrograms of DN 
per square centimeter in table 6. 

The data in table 5 were subjected to 
the biometric principles of analysis of 
variance and treatment 13 (diatomaceous 
earth as a diluent) was significantly 
poorer than any other treatment. Dia- 
tomaceous earth did not possess the 
physical properties of web penetration 
or foliage adherence. 

Boyee, et al. (1939) found that the 
mixture of dinitro-o-cyclohexyl phenol 
with alkaline diluents such as tale, lime, 
bentonite or diatomaceous earth resulted 
in the formation of salts or phenates. The 
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Table 5.—Summary of compatibility trials. 
Percentace Dean Rep Spipers 
Pounpbs Replications Toran 
_— SPl- 
No PREATMENT Acri I 2 3 ry 5 6 7 8 Mean pepe 
9 Check 14.4 15.9 2.2 6.8 +9 6.2 7.8 1.7 7.3 4833 
10 DNOCHP 0.25 145 3 09.4 99.7 7.9 98.3 o4.1 17.4 M48 6.7 $552 
Walnut shell flour 24.75 
lak 75.00 
11 DNOCHP 25 156 07.5 05.7 90.8 92.6 89.1 Sh 5.9 KS 6 91.8 5486 
Walnut shell flour 24.75 
Hydrated Lime oo 
lz DNOCHP 0.25 oo 77.2 00.5 95.0 MOS os 9 3.4 ) ) 88.7 3.1 $981 
Walnut shell flour 24.75 
Bentonite 75.00 
18 DNOCHP 0.25 3 16.4 85.2 87 6.9 04.6 S29 46.8 98 ny 1644 
Walnut shell flour 24.75 
Diatomaceous earth 75.00 
14 DNOCHP 0.25 a5 oO.5 98.9 m7 os 3 06 93.5 68 1 " 4811 
Walnut shell flour 24.75 
ale 7 ow 
Lor 1.50 
Rotenone 0.60 
15 DNOCHP 0.25 60 00.6 06.4 8 98.9 me 7.1 ” "9.1 s.4 $960 
Walest shell Gow 4 75 
Tale 74.60 
*vrethrins I and II 0.40 
16 DNOCHP 0 4 4 4 7 9 8.00 ) t ) ) j 635 
Walnut shell flour 
Hydrated lime 
Nicotine sulfate (40 +o 
[itte s for significance at odds 
1% 74 
$9-1 a8 
m1 1.0 


phenates were found to be more toxic to 
citrus foliage and less stable in toxicity 
than the phenols. No chemical studies 
were undertaken in these experiments 
but the results in general show that the 
toxicity in the compatibility block was 
lower than it was in the dosage block. 
This may be attributed to differences in 
chemical or physical properties or both. 

Loro, nicotine sulfate, rotenone, pyr- 
ethrum, tale, diatomaceous earth, ben- 
tonite and hydrated lime were found to 
be compatible with DN and walnut shell 
flour. The added toxicants did not give 
evidence of increasing toxicity of the 
dusts on red spider. The hop aphis, 
Phorodon humuli Schrank, and the onion 
thrips, Thrips tabaci Lind., were not 
present in sufficient numbers for in- 
secticidal studies. 





prietary | per cent dust was applied to 
four or more plants of twelve hop 
varieties in the experimental yard. Ap- 
plications were made at the rate of 100 
pounds per acre at temperatures which 
exceeded 100 degrees. 

\ severe infestation of red spider de- 
veloped in a patch which was 
adjacent to the experimental hop yard. 
Mechanically diluted DN dusts at con- 
centrations of 0.125, 0.25, and 0.50 per 
cent were applied at the of 100 
pounds per acre to four different varieties 
of these Temperatures at the 
time of application did not exeeed $5 
degrees. The results of the plant tolerance 
tests on hops and beans are shown in 
table 7. 


bean 


rate 


beans. 


Table 7.—Plant tolerance of certain plants to 


DN dusts. 








PLant Tovterance Tests.—The pro 
PLAN Va Y I ( I RY 
Table 6.—Summary of compatibility trials. a 7 eas - ; 
ns op ur lus rT r 
Hop Fugyles 0 None 
TREATMENT ConcentRatTION Per Cent Rep -? - te Clus 10 N ne 
. Dp tex nes 0 one 
NUMBER or DN Sprpers Drab Hop Brewer's Fa 0 Not 
Hop Brewer's Gold ra None 
rT} 0 OO 7 Hop Belgian Spalt 10 None 
on Hop Kent Golding 0 Nor 
10 1.08 Hop East Kent Golding a ae 
11 1.17 Md Hop  Serebrianka 10 se . 
12 67 Qo Hop Zimshevii 0 None 
- Hop skorosptelka 1.0 severe® 
1s Hi) 86 Bean Tennessee Green Pod 125, .25, and .50 None 
14 65 97 Bean Stringless Red Valentine 125, .25 1.50 None 
. . ‘ Bean Dark Red Kidne 125 5 i 0) Nor 
’ is 
- aS aa Bean Giant Stringless Greet 
16 oe | Pod > o WN 
* Severe injury to foliage and br ts 


*M grams per square 
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The tolerance tests on hops were made 
under very severe conditions but plant 
tolerance was the objective. The two 
Russian hop varieties, Serebrianka and 
Skorospielka were definitely susceptible 
to DN dusts under existing conditions. 
These varieties are not grown commer- 
cially in the United States and no added 
problem arises from these results. More 
detailed plant tolerance tests with varie- 
tal susceptibility as the objective will be 
carried on in 1940. Beans were not in- 
jured by DN dusts at concentrations of 
125 per cent, 25 per cent and .50 per 
cent. 

ComMERCIAL APPLICATION EXPERI- 
MENTS. The favorable results with the 
use of DN dusts on hops during 1938 
and 1939 led to further studies into the 
methods of applying it commercially. 
The high velocity dusters which are com- 
monly used by hop growers were unsatis- 
factory for contacting under surfaces of 
hop leaves. The Division of Drug and 
Related Plants of the United States De- 
partment of Agriculture and the Depart 
ment of Agricultural Engineering and 
Department of Entomology combined 
their efforts in this endeavor. An experi- 
mental duster was built which featured 
the low-velocity, heavy-volume principle 
Boyce et al. 


which Wis deseribed by 
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(1939) and French (1938). Encouraging 
results were obtained with this unit late 
in the 1939 season and additional work 
with it is contemplated during 1940. 
SumMARY.—The history of the com- 
mon red spider, Tetranychus telarius L., 
on hops is given. Preliminary tests against 
the red spider were made in the field in 
1938 when seven sprays and seven dusts 
were tested. The results of this experi- 
ment favored the use of DN dust. Ex- 
periments with DN dusts were continued 
in 1939 and emphasis was placed upon 
dosage, compatbility and plant tolerance. 
Very high kills were obtained from me- 
chanically diluted dusts at concentrations 
of 1.0, 0.75, 0.50, 0.25, 0.125, 0.0625 and 
0.03125 per cent. Tale, hydrated lime, 
bentonite, diatomaceous earth, Loro, 
rotenone, pyrethrum and nicotine sul- 
fate were found compatible with the pro- 
prietary 1 per cent DN dust, but did not 
contribute to added toxicity. DN dusts 
were found safe on the foliage of ten hop 
varieties, but caused severe injury to two 
Russian varieties (Serebrianka and Skoro- 
spielka). Mechanically diluted DN dusts 
were found safe on 4 varieties of beans. 
Promising results have been obtained in 
the development of suitable commercial 
means of contacting red spiders on the 
under surfaces of hop foliage.—4-8-40. 
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Burk’s REvIsion oF THE CHALCIDINI PUBLISHED 


Entomologists, espe ially those concerned with 
biologic al control of insects, will welcome the new ly 
published revision of the Chaleidini by Dr. B. D 
Burks, Assistant Entomologist of the Illinois 


Natural History Survey. 

The revision is issued by the United States Na- 
tional Museum as publication No. 3082 issued in 
Vol. 88 of the Proceedings. It comprises 118 pages. 








Control of the Pea Aphid in Eastern Virginia in 1939 


Harry G. Wacker and Lauren D 


ANDERSON, Virginia Truck Krperiment 


i 


Station, Norfolk, Virginia* 


In the spring of 1939 most of the early 
market garden peas in the Norfolk area 
matured before the pea aphid, Macro- 
siphum pisi@(WKaltenbach), became in- 
jurious. However, a very severe outbreak 
of aphids occurred on canning peas on 
the Eastern Shore of Virginia at about 
the time the first pods were beginning to 
set. Several untreated fields of peas were 
so severely injured by this pest that they 
were not even harvested. As a result of 
this outbreak experiments were 
ducted to test the comparative effective- 
ness of nicotine applied by several dif- 


acre in size. The treatments were applied 
in block A on the afternoon of May 9 
with a rather southwest wind 
blowing, in block B on the morning of 
May 10 with a rather strong northwest 
wind blowing, in block C on the after- 
noon of May 10 with a rather strong 
northwest wind blowing part of the 
time, and in block D on the morning of 
May 11 with a light north breeze blowing, 

Records were taken on the number of 
aphids remaining on ten plants selected 
at random in each plat at 24, 48, 
288 hours after the 


strong 


72 and 


treatments were 


Table 1.—Results of treating peas with different nicotine and rotenone bearing materials for 
the control of the pea aphid on the Eastern Shore of Virginia in 1939 
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Check, (Untreated 145.4 > Ss if s Unie 
4 ; 101 
ferent methods and of derris dusts applied, with the exes ption of the 72 


applied with and without a wetting and 
sticking agent for the control of the pea 
aphid. 

Metruops AnD Marertaus.—Fight 
treatments and an untreated check were 
included in one test. Each treatment and 
the check were replicated four times in 
the form of randomized blocks, 
treatment occurring once in each block. 
Kach plat was approximately one-fourth 


! rut wish to express ippreciat tl 
ng: KR. B. Arnold, William Ra IF. Als l if 
rest Daniels of Tobaceo By-Products and Chen if 
poratior 1. A. da Bu iof | ole ind Plant 
Quarantine, U1 1 Stat Departn Agrieultu nd 
to A. T. Leat 1 ‘ Eastern S Canning Compat 
‘ e coll thon n le this work | itole Also, they wuisl 
t «pres t i rk t | M Wa ind l B Reed lor 

aia! ' the | nd int tatistical 


hour count in block D> which was not 
made until 96 hours after treatment. The 
materials and the the 
aphid counts are summarized and given 
in table 1. The Liquid sO) 
per cent free micotine the first 
treatments, was applied with a standard 


used results of 


J a po rane 
used in 


Vaporizer unit equipped with a LOO-foot 
gas-tight apron or trailer. The equipment 
was mounted on a truck which traveled 
at the rate of 100 feet in 50 seconds. All 
of the other materials were applied with 
a special combination duster and vapor 
izer unit built by the By- 
Products and Chemical Corporation. 
This machine was equipped with a worm- 


fe “ct | 


‘¥ bacco 


year which could be adjusted to 
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deliver accurately a given quantity of 
dust per acre regardless of the speed of 
travel. Also the machine could be ad- 
justed to deliver any given quantity of 
Vapo-fume Liquid up to and including 5 
pounds per acre. The dust outlets con- 
sisted of two feed pipes 20 feet wide with 
narrow slits along the entire bottom side, 
which arrangement insured an even dis- 
tribution of the dust on the plants. The 
vaporizer unit was so adjusted that the 
vaporized nicotine could be blown out 
with the dust. This machine equipped 


with a 50-foot gas-tight trailer was 
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When the data obtained with the rote- 
none-bearing dusts were analyzed sepa- 
rately it was found that while there was 
no difference in the 24- and 48-hour 
counts, there was a significant difference 
between the aphid populations on the 
plants treated with the derris-tale dust 
and on those treated with the derris-tale 
dusts containing one and three per cent 
Vatsol OS in the 72 hour and 12 day 
counts. There were no significant differ- 
ences in the results obtained with the 
dusts containing one and three per cent 
Vatsol OS. The treatments containing 


Table 2.—A comparison of the yields in pounds of shelled peas obtained from the one-fourth acre 
plats that were treated with different nicotine and rotenone bearing materials for the control of the 
pea aphid on the Eastern Shore of Virginia in 1939. 





Marertaus Usrep 


J apo fume Liquid 

Llack Leaf 40-Monohydrated Copper Sulphate- 
Hydrated Lime (10-10-80 

Filter Dust 

Vapo-fume Liquid 

Filter Dust 

» pe ial J apo-fume Liquid 

S pect wl Fired Nicotine Dust 

Derris-tale (1°) rotenone) 

Derris-tale (1°) rotenone 1°} Vatsol OS 

Derris-tale (1° > Totenone 3%, lVatsol OS 

Check, (I ntreated 


PouNbs YLELD FROM REPLICATION YIELD 
PER PER 
ACRE A B be D ACRE 
3 574 736 506 559 2375 
54+ 687 628 608 7138 2636 

35 
2.5 750 T62 6S2 706 2900 

35 
5 670 732 666 646 2714 
65 628 768 660 522 2578 
40 558 638 639 623 2458 
+0 732 627 O64 660 2683 
10 640 699 709 695 2743 
336 $92 £30 252 1410 





mounted on a truck which traveled at 
the rate of 200 feet per minute. 

The filter dust used in treatments 3 
and 4 is a by-product of finely ground 
parts of tobaeco plants obtained during 
the process of extracting the nicotine 
from the plants. The Special Vapo-fume 
Liquid used in treatment number 4 con- 
tained only 40 per cent free nicotine. The 
Special Fired Nicotine Dust used in treat- 
ment number 5 was a commercially 
prepared fixed nicotine dust. 

Discussion or Resutts.—When these 
data were analyzed statistically it was 
found that all of the treatments resulted 
in highly significant reductions in’ the 
number of aphids remaining on the 
treated plants as compared with the 
number of aphids remaining on the un- 
treated checks. However, there was so 
much variation in the aphid populations 
on different plants within a given treat- 
ment that the differences between treat- 
ments were not significant when the 
experiment was considered as a whole. 


nicotine gave higher initial kills, but did 
not have as great a residual effect as did 
those containing derris. 

These peas were cut and run through 
a viner on May 30 and 31 and a record 
taken of the weight of shelled peas per 
plat, the total weight of peas from the 
four replications being the yield per acre. 
The yield records obtained are given in 
table 2. In fairness to the standard 
Vapo-fume Liquid treatment, it should be 
stated that replications A, C and D hap- 
pened to fall in plats with drainage 
ditches extending part way through them, 
greatly reducing their yields. It may be 
noted that all of the treated plats pro- 
duced much greater yields of peas which 
were also of better quality than were 
those produced on the untreated plats. 
Even though the field appeared to be 
quite uniform before the experiment was 
started, there was so much field varia- 
tion that when the yield data were ana- 
lyzed statistically it was found that none 
of the differences in yield between treat- 
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ments was significant. However, it is in- 
teresting to note that the plats treated 
with the derris-tale dusts containing 
Vatsol OS produced higher yields than 
did those treated with the derris-tale dust 
not containing the Vatsol OS. 

AtomizeR AND Vaporizer ‘TREAT- 
MENTS.—Another experiment was con- 
ducted to test the effectiveness of the 
standard vaporizer treatment using three 
pounds of Vapo-fume Liquid per acre as 
compared with an oil containing 2.0 per 
cent Vapo-fume Liquid and 0.4 per cent 
rotenone applied with an atomizer at the 
rate of 6 or more gallons per acre. Five 
replications of each material were ap- 
plied to alternating plats with one un- 
treated plat being left as a check near the 
middle of the treated area. 

Records were taken of the number of 
aphids remaining on 50 of the plants 
treated with each material and on 10 of 
the untreated plants at 72 hours and 10 
days after treatment. Fifteen plats, one 
one-thousandth of an acre in size, were 
harvested from each of the treated areas 
and five from the untreated check area 
on May 31, 1939. The results of this test 
are given in table 3. 

Table 3.—A comparison of vaporized nicotine 
and an atomized oil containing rotenone and 


nicotine for the control of the pea aphid on the 
eastern shore of Virginia in 1939. 





Averace Noumoeer or Apuips per 
PLANT* arren TREATMENT 





72 hours 10 days YieLp IN 
Mernop Pounp 
or Num Per Num Per SHELLED 
Treat ber of Cent her of Cent Peos PER 
MENT Aphids Control Aphids Control ore 
\ iporizer 1.6 on 13.8 On ooo 
Atomizer 9.8 74 6.1 77 200 
Check 17.0 ‘78.5 Poo 
* The average number of aphids per plant is based on a 


count of 50 plants for each treatment and 10 plants for the check 


It may be noted that the vaporizer 
treatment showed a 96 per cent reduction 
in the number of aphids present on the 
plants at both the 72-hour and 10-day 
counts as compared with reductions of 
74 and 77 per cent respectively with the 
atomizer treatment. Thus, it would seem 
that the atomizer treatment had very 
little if any more residual effect than the 
vaporizer treatment. However, the plats 
treated with the atomized oil produced 
higher yields than might have been 
expected as compared with those treated 
with the vaporized nicotine. 
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Other parts of the field in which this 
test was conducted, were treated com- 
mercially with an atomized oil. This 
failed to give satisfactory control. The 
treated plants were almost as brown as 
those in the untreated check plat at 
harvest time, whereas the peas in the 
experimental area were still fairly green 
and the grower reported that the shelled 
peas were worth $15.00 per ton less than 
they were in the experimentally treated 
area. 

COMPARISON OF Dutusters.—In. addi- 
tion to these experiments a preliminary 
test was conducted to test the effective- 
the big motor-driven power 
duster used in the first experiment as 
compared with that of a horse-drawn 
traction duster. After the treatments 
were applied it was noted that the peas 
treated with the big power duster had a 
uniform even coating of dust, whereas 
those treated with the traction duster 
were unevenly coated. Records taken on 
30 plants treated with a derris dust 
containing | per rotenone showed 
that there were 406 aphids on the plants 
dusted with the traction duster as com- 
pared with 212 on those dusted with the 


hess of 


cent 


big duster. In a test with a_ so-called 
stabilized derris dust containing 1 per 


cent rotenone there were 1021 and 301 
aphids respectively on 30 plants dusted 
with the traction duster and with the 
big power duster. 

Resctts Opratnep BY 
Observations 
being obtained by 
Two pea canners, growing several thou- 
sand acres of peas on the Eastern Shore 
of Virginia, relied entirely on the use of 
nicotine vaporizers for the control of the 
pea aphid and both obtained very satis- 
factory results. At least two large spray 
outfits were in operation on the Eastern 
Shore of Virginia and, as far as could be 
determined, they failed to secure satis- 
factory results with any of the materials 
tested, except on small peas. They re- 
ported that their failure was due to the 
difficulty of getting good coverage on 
large pea plants. 

From 300 to 500 acres of 


(SROWERS. 
made on the results 
commercial growers. 


were 


peas were 


treated commercially with an atomized 
oil mixture. Even though the treatment 
killed a great many aphids it did not give 
good enough coverage to produce satis- 
factory results. 
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A number of fields were treated with 
rotenone-bearing dusts. Some of the 
growers were reported as obtaining good 
results with these dusts while others did 
not secure satisfactory control. 

Summary.—In experimental tests con- 
ducted in 1939, vaporized nicotine and a 
four per cent nicotine-copper-lime dust 
gave higher initial kills of pea aphids than 
did derris-tale dusts containing one per 
cent rotenone, but the derris dusts had 
more residual effect than did the nicotine 
materials. Derris-tale dusts containing 
one and three per cent Vatsol OS were 
not significantly different from each other, 
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but both were more effective than a simi- 
lar dust that did not contain a wetting 
agent. Peas treated with each of these 
materials produced highly significant in- 
creases in yield over the untreated check 
plats. In commercial control work by pea 
growers, vaporized nicotine gave uni- 
formly good control of the pea aphid, 
whereas derris dusts were reported as 
giving good results in some instances and 
poor results in others. An atomized oil 
containing rotenone and nicotine gave 
high kills of the aphids hit, but due to the 
poor coverage obtained, failed to give 
entirely satisfactory results.—4-2-40. 


Differential Susceptibility of Corn Hybrids to Aphis maidis 


BE. V. Wacrer, Bureau of Entomology and Plant Quarantine, and Artuur M. Brunson, 
Bureau of Plant Industry, United States De partment of Agriculture! 


The corn leaf aphid, Aphis maidis 
Fitch, was much more than normally 
abundant on corn throughout much of 
the Corn Belt during 1988 and 1989. In 
some cases, because of the excessive de- 
posits of honevdew, corn breeders had 
serious difficulty in obtaining enough pol- 
len from certain strains to fertilize the 
ears properly in their breeding work. In 
other cases there was a considerable re- 
duction in the yield of grain owing to 
excessive feeding of this aphid on the 
silks and tassels or on the upper leaves 
of the plant. Plant tissues were often 
killed by the heavy feeding and as a 
result of the honeydew which seeped be- 
hind the leaf sheath. In erossing blocks, 
where two-thirds to four-fifths of the 
stalks had been detasseled, the reduction 
in pollen shedding was especially serious 
and sometimes resulted in a very poor 
filling of the ears. 

The lower part of the tassel seems to 
be the most favored point of attack in 
the corn plant, and in lightly infested 
strains this is often the only part of the 
plant infested. Under heavy infestation 
the ear shoots, silks, and upper leaves of 
susceptible strains are also attacked, with 
serious injury caused directly by the 
feeding of the aphid and secondarily by 
the effects of the honeydew. Because of 


Cooperative contribution from the Bureau of Entomology 
and Plant Quarantine and the Bureau of Plant Industry, 
U.S. Department of Agriculture, and the Purdue University 
Agricultural Experiment Station. Presented 12-28-39 





the preference for the tassel rather than 
the leaves it would seem that perhaps 
the approved common name “‘cornleaf 
aphid” is something of a misnomer. Un- 
der the heavy infestation of 1939 all in- 
fested inbred strains showed aphids in 
the tassel, but of 119 inbreds which were 
studied more critically than the rest only 
32 per cent showed aphids on the leaves 
as well as on the tassel. In no case was 
leaf infestation found without tassel 
infestation. 

In addition to seasonal conditions 
favorable to the development of an in- 
festation of aphids, one of the main 
reasons for their abundance in both 
years was the scarcity of parasites and 
predators. During the period of this 
study in 1939, larvae of syrphid and 
lacewing flies were not observed in the 
field. The first aphids killed by Lystphle- 
bus testaceipes (Cress.) were observed on 
August 8, near the end of the season. 
They were later found on perhaps a dozen 
plants. Coccinellid larvae and adults 
were also scarce, and most of these adults 
were parasitized by Dinocampus  coc- 
cinellae Schr. 

Review or Lirerature.—Apparently 
very little has been published on the corn 
leaf aphid in relation to corn hybrids. 
Forbes (1905), MeColloch (1921), and 
others have mentioned its occasional 
serious injury to open-pollinated corn. 
The only reference of importance to this 
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Table 1.—Infestation by Aphis maidis in certain resistant and susceptible corn inbreds and 
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Pedigree 


R4 
oO 
SS-11 
\ 
540 
Mi4 
C05 
Os426 


R490 
R4xA 

R4 M14 
R4xCCS5 
R4 Os 126 
38-11 x 90 
SS-LIT& A 
SS8S-11* M14 
88-11 KCC5 
88-11 *K Os 426 
540 & 90 
540K A 
540 M4 
540* CC5 
540 * Os426 


HY31& Kys 
HY31* kK4 
HYS1LX Mo.940 
HYS3S1x YS79 
HYS1 38-11 
M1 Kys 
Mix K4 

MI Mo.940 
Mix YS79 
M1X38-11 

K4 Kys 
K4* Mo.9t0 
K4 58-11 
YS79X Kys 
YS79&X K4 
YS79& Mo.940 
YS79X 38-11 
K ys & Mo.940 
K ys 38-11 
88-11 * Mo.940 


Number 
plants 


observ ed 


167 
158 
177 
174 
169 
178 


179 
179 
172 


Not in- 
fested Light Moderate 
Inbreds 
100.0 0.0 0.0 
77.2 292.8 0.0 
0.0 8.0 85.0 
96.38 3.9 0.0 
45.2 8.4 $5.0 
72.4 10.8 16.8 
62.2 19.3 18.5 
34.6 20.7 $4.7 
Hybrids 
100.0 0.0 0.0 
98.9 0.0 1.1 
100.0 0.0 0.0 
98.9 0.0 * 
99.4 0.0 0.0 
98.2 0.6 1.2 
98.2 0.0 1.8 
92.3 1.5 3.4 
94.8 0.6 +.0 
86.0 5 7.0 
92.4 1.9 3.8 
98.2 0.6 0.6 
96.6 1.1 > | 
90.6 2 4 +1 
85.9 53.4 1.5 
Late Maturine Group 
Inbreds 
72.0 26.0 29 0 
2.8 98.5 38.7 
16.0 24.5 39..0 
98.5 1.5 0.0 
25.1 18.6 1S.4 
100.0 0.0 0.0 
0.0 8.0 85.0 
Hybrids 
988 0.6 0.6 
98.8 0.0 1.7 
99.3 0.0 0.7 
98.2 0.0 0.6 
96.7 1.3 2.0 
&.$ , 685 
28.7 14.3 18.0 
7S 13.7 $4.0 
20.0 14.0 58.5 
$0.7 971.0 86.0 
66.2 5.0 28.2 
90.0 2.2 5.6 
82.0 13.7 +3 
S1.4 +.6 12.8 
96.4 1.2 2.4 
$1.2 3.5 11.2 
62.0 22.3 15.7 
63.7 8.4 24.6 
72.0 12.7 13.3 
85.4 2 0 9.8 
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insect on hybrid corn seems to be that 
in a popular article by L. L. Huber (1939), 
in which he calls attention to the fact that 
inbred and hybrid strains differ in sus- 
ceptibility and that certain strains ap- 
parently have what amounts to practical 
immunity. A few other short general 
statements have appeared in farm jour- 
nals and in farm reports but with no 
definite information. 

MATERIALS AND Metuops.—During 
the summer of 1939 observations were 
made on the abundance of aphids on 225 
inbred and 486 hybrid strains of corn 
grown on the Soils and Crops Farm of 
the Purdue University Agricultural Ex- 
periment Station at Lafayette, Ind. The 
inbred strains observed in the nursery 
were planted in blocks of from 3 to 50 
ear rows each of 25 single-plant hills. 
Poor germination and subsequent mor- 
tality frequently reduced the number of 
plants per row. Observations were made 
on 3 to 20 rows of each inbred. The single- 
and double-cross hybrids were planted in 
2-row plots 10 hills long with 3 plants per 
hill in 3 to 5 randomized replications. 

Most of the hybrids studied were in 
groups of single crosses representing sys- 
tematic combinations of certain inbreds 
within each group. In all cases the parental 
inbreds were available for study in the 
nearby nursery. The complete detailed 
observations are too voluminous to be 
presented in their entirety so, within two 
date-of-maturity groups, inbreds that 
showed extreme variation in suscepti- 
bility, together with their single crosses, 
have been chosen for examples in this 
paper. The results from many other in- 
breds of intermediate susceptibility and 
their hybrids are necessarily omitted. 

In this study each plant was examined 
for the presence of aphids, and the in- 
festation was recorded as light, moderate, 
or heavy. A light infestation had from a 
few to perhaps 300 aphids per plant. 
Where there was discoloration or death 
of the plant tissues the infestation was 
considered heavy. A moderate infestation 
was anything between these extremes. 
Typical plants representing these three 
classes are shown in figure 1. Observations 
were made when the corn was in the 
blister to roasting-ear stage and while 
the infestation was at its height, so that 
there would be but little subsequent 
increase in intensity. In the absence of 
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parasites and predators the aphids were 
able to multiply without restriction ex- 
cept as limited by the differential suita- 
bility of the host plant. 

In order to obtain a single value to 
represent the infestation of each strain, an 
index number based on observed counts 


‘is given in the tables. This index number 


was calculated by adding the percentages 
of each class of infestation weighted to 
include the degree of infestation as fol- 
lows: light K 1, moderate 2, heavy X3. 
Although such an index number may be 
open to criticism when accurate compari- 
sons are being made between strains which 
differ in type of infestation, it possesses 
the virtue of giving a concrete, easily com- 
prehended value, which in general gives a 
true picture of the relative susceptibility. 
Apparently there was a very uniform 
infestation throughout the fields, and the 
location of a replicate had no significant 
place effect on the intensity of infestation. 
Plots on low, wet soil appeared to have 
a few more aphids than did plots of the 
same hybrids on dryer soil, but the dif- 
ference was slight and may have been 
due to consequent differences of maturity. 
EXPERIMENTAL Resutts.—The _hy- 
brids chosen for examples in this paper 
fall into two groups. The first group 
includes medium-early-maturing crosses 
between early and midseason inbreds. 
The second group includes late-maturing 
crosses of relatively late inbreds. Infesta- 
tion records of the parental inbreds 
chosen and of all available combinations 
between them are summarized in table 1. 
In the first group of inbreds R4 and 
A are very resistant to aphid attack and 
38-11 is very susceptible. In addition to 
the nursery planting from which the 
counts shown in table 1 were taken, R4 
was observed in replicated rows on an- 
other part of the farm. In no case were 
aphids found developing on any plant of 
this inbred even when adjacent rows 
were heavily infested. In contrast to this 
condition, every plant of inbred 38-11 
was infested wherever it was found. Not 
only were all plants infested, but the 
type of infestation was usually moder- 
ately heavy, giving it a high index num- 
ber. Infestation was confined to the tas- 
sel, however, in this line. 
In the second group of inbreds, YS79 
had no infested plants and appeared to 
be as immune as R4 although the smaller 
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number of plants available for observa- 
tion renders this statement less certain. 
Inbred K4 also was very resistant to 
aphid attack. Inbreds M1, Mo. 940, and 
Kys were relatively susceptible, particu- 
larly the first two in which infestation 
was present on leaves, leaf sheaths, and 
ear shoots as well as on the tassel. In 
contrast to the 100-per cent infestation 
of 38-11, however, some plants were free 
of aphids in each of the late inbreds, sug- 
gesting that possibly these lines were still 
segregating for aphid susceptibility. 


Vol. 33, No. } 
were not outstanding for high infestation. 
Although combinations of 38-11 always 
showed higher infestations than corre- 
sponding R4 combinations the index num- 
bers remained fairly low. 

The behavior of single crosses involving 
inbred 540 was similar to that of those 
involving 38-11, and in all cases they 
showed higher infestation than corre- 
sponding combinations of R4. The aver- 
age index number of 540 single crosses is 
slightly higher than that of 38-11 single 
crosses, Which is a reversal of the relative 





Fic. 1.—Corn tassels showing typical degrees of infestation as used in the study of susceptibility 


to 1 phis maidis 


In order to study more easily the con- 
tribution toward aphid resistance or sus- 
ceptibility of each of the inbreds in their 
combinations, the index numbers of the 
inbreds and single crosses from table 1 
are shown in checker-board arrangement 
in table 2. In the early maturing group, 
R4 appeared to transmit its high aphid 
resistance in a considerable degree to its 
hybrids. In all single crosses involving 
R4, including a number not reported in 
this paper, the plants were either free of 
aphids or had only one or two plants per 
plot infested and these with light to 
moderate infestation, and in all cases the 
infestation was confined to the tassel 
only. The susceptibility of inbred 38-11 
was covered up in its combinations so 
that single crosses involving this line 


left, light: middle, moderate: right, heavy 


index numbers of the two inbreds. In 
both 38-11 and SAO, however, suscepti- 
bility seems to behave as a_ recessive 
character in crosses. The average index 
numbers of the hybrids from inbreds A, 
90, M14. CCS. and Os426 follows. the 
same order as the index numbers of the 
inbreds themselves. 

In the late maturing group some dif- 
ferences in the type of inheritance are 
noted. MI seems outstanding in_ its 
ability to transmit susceptibility to tts 
hybrids. Not only were single crosses in- 
volving this inbred consistently high in 
percentage of infested plants, but infesta- 
tion was well distributed over the upper 
part of the plant. This distribution was 
so distinctive that plots in which M1 was 
a parent usually could be recognized 
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merely by observing the type of mfesta- 
tion. The high susceptibility of M1 com- 
binations carried over into most of its 
double crosses in another experiment in 
which heavy infestation was the typical 
condition. The index number of inbred 
M1 was lower than that of 38-11, but 
the average index number of M1 combi- 
nations was more than three times as high 
as that of 38-11 combinations. 


Table 2.—Checkerboard arrangement of hy- 
brids from table 1, showing influence of parental 
inbreds on resistance and susceptibility to Aphis 
maidis as indicated by infestation index number.* 





Eanty Matvurine Grove 
InvRrep aNp InpeEX NuMBER 


Inbred and \ o0 Mit CC5 Osse6 Av. In 

Index No 4 25 44 56 110 dex No 
R4 0 2 0 0 , > 1.2 
38-11 190 4 ; 17 Tt 28 12.4 
5Ww 105 1 15 6 19 1 15.0 
Average Index No. 3.3 6.0 we 10.3 20.3 


Late Matvrine Grove 
INerep AND INDEX NUMBER 


Inbred and Ys79 Kt HYSI Kys Mo.940 MI t8-11 


Index No 0 2 a0 106 139 164 199 
Ys7o 7) 6 5 ‘4 ts 154 4 
K4 “ 6 ; 63 a“) 137 22 
HYS31 1D 5 ; 2 1 t 5 
Avs 16 4 6s ? 68 200 5 
Mo.940 #159 s 20 l 6S 206 7 
Mi 16s 154 137 + 20 206 130 
8-11 iv i e2 5 5 1 130 
Average Index 

. $8.5 41.8 2 6S 60.7 165.4 47.8 





t M1 XHYS1 was not grown 


* Difference in index numbers between hybrids needed for 
significance for 5 per cent level in the early group is 13 and for 
the late group is 50; for the 1 per cent level in the early group 
is 19 and in the late group is 70 


As an inbred YS79 was entirely free of 
aphids, but it seemed unable to transmit 
marked resistance to its crosses as was 
the case with R4. In contrast with this 
behavior, ITY31 was moderately infested 
as an inbred but was able to transmit a 
high degree of resistance to its crosses. 
The average index number of its single 
crosses is by far the lowest in the late- 
maturing group. In another experiment 
HY31X540 had an infestation index 
number of 2 which is lower than that of 
any 540 combination shown in the early 
maturing group of table 2. Unfortunately 
the single cross HY31X M1 was _ not 
grown because of lack of seed. There was, 
however, a series of double crosses which 
included two combinations containing 
38-11, K4, and M1 with HYS31 or Kys 
as the fourth inbred. The double cross 
(HY31 38-11) (K4X M1) was the only 
combination containing MI in that ex- 
periment that was not heavily infested. 
Only 0.8 per cent of the plants carried 
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the heavy type of infestation, and the 
average index number for all replications 
was 18. When Kys replaced HY31 in the 
double cross, 6.8 per cent of the plants 
were heavily infested and the index num- 
ber was 100. Inbred HY31 thus seemed 
able to transmit its resistance to aphid 
attack to double crosses, even in the 
presence of the otherwise dominantly 
susceptible inbred M1. 

PLANT CHARACTERISTICS AND APHID 
ABUNDANCE.—There appeared to be some 
relation between the infestation and the 
time of flowering of the various strains. 
The early maturing hybrids as a group 
had a somewhat lighter infestation than 
did the late maturing group. Since no 
early hybrids were planted to mature 
with the late ones in these series, a direct 
comparison could not be made. A few 
cases are available, however, where in- 
breds used in the early hybrids were also 
used in later maturing crosses. These 
cases tend to indicate that the very early 
hybrids may escape a part of the infesta- 
tion as a result of their early maturity. 

The apparent effect of time of flowering 
is also verified by observations in an 
experiment on another part of the farm. 
In this experiment an early, a midseason, 
and a late hybrid were each planted in 
replicated series at approximately 10-day 
intervals from May 1 to June 15. A heavy 
infestation was found more common in 
the plots flowering July 22 to August 1 
than in plots of the same hybrids flower- 
ing either earlier or later. 

The authors have made many observa- 
tions on the visible plant characteristics 
associated with aphid infestation. Thus 
far no character or group of characters 
has been found in which generalizations 
have not been subject to glaring excep- 
tions. Thus, although a large proportion 
of the inbreds and hybrids having a 
heavy, compact tassel appear attractive 
to the aphids, inbred Tr with an un- 
usually heavy compact tassel had only 
10 infested plants out of 225 examined, 
and these lightly infested. On the other 
hand, inbred 38-11 has a loose, open 
tassel, and every plant was infested. The 
same was true of inbred 4-8, which has 
but little more than a central spike for a 
tassel. This inbred was so heavily in- 
fested that it was difficult to obtain 
pollen for the breeding work. 

The infestation in the strong and 
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rapidly growing hybrids was generally 
less than in the weaker parental inbreds, 
but the slight or accidental differences in 
vigor of the plants within a hybrid or 
inbred seemed to have little effect on 
severity of infestation. The height and 
leafiness of the plant and coarseness of 
the stalk appeared to make no difference. 

The top leaves of inbred R4, which was 
entirely free of aphids, do not unfold un- 
til the tassel is nearly ready to shed pol- 
len. The tassel of Kys also remains en- 
closed until quite late, but it had a large 
percentage of the plants infested. 

Since the preference of the aphid is for 
the most rapidly growing and tender 
portions at the base of the tassel and in 
the ear shoots, it is possible that dif- 
ferences in susceptibility, at least in part, 
may be associated with the rapidity of 
the hardening of the plant tissue. 

Summary.—The corn leaf aphid has 
been more abundant than usual through- 
out much of the Corn Belt during 1938 
and 1939 owing to a combination of sev- 
eral factors, including favorable weather 
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conditions and a lack of natural enemies, 

Observations on 225 inbred and 486 
hybrid strains of corn grown at Lafayette, 
Ind., in 1939 indicate consistent dif- 
ferences between inbred lines in behavior 
toward aphid attack. These ranged from 
the extreme susceptibility of 38-11 and 
#8 with 100 per cent of the plants 
infested to the practical immunity of 
R4 and YS79 with no infestation. The 
severity of infestation and the parts of 
the corn plant attacked also varied with 
the inbred, the lower part of the tassels 
being the most favored point of attack, 
and the ear silks, and upper 
leaves of the more susceptible varieties 
also being infested. Individual inbreds 
differed greatly in prepotency in trans- 
mitting susceptibility or resistance to 
their hybrids. In general, hybrids were 
less heavily infested than the parental 
inbreds, although combinations involving 
inbred M1 provided a notable exception. 

No plant character or group of char- 
acters was found to be consistently cor- 
related with aphid susceptibility.—1-6-40, 


shoots, 
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The 1939 Green Bug Outbreak in Oklahoma 


F. A. Fenton and Eittswortnu H. Fisuer, 

From 1934 to 1939 there have been 
five years when the green bug, Toxroptera 
graminum Rond. threatened the small 
grain crops in Oklahoma. In two of those 
years, namely 1934 and 1939, the incipi- 
ent infestations developed into _ seri- 
ous outbreaks during which considerable 
losses to oats, wheat and barley oc- 
curred. The 19839 outbreak afforded an 
opportunity for studying the compara- 
tive susceptibilities of different small 
grain crops to this insect and for ascer- 
taining the effect of natural controls such 
as parasites and predators on the develop- 
ment of the infestation. The field observa- 
tions reported in this paper were made at 
various widely separated localities within 
the infested area, especially in experi- 
mental plats located near Blackwell and 
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Tonkawa. The more intensive ecological 
studies were made in wheat and _ barley 
fields between Stillwater and Ripley. All 
data were obtained during a three-month 
period, March to May, inclusive. 
CHRONOLOGY OF THE OuTBREAK.—The 
first report of damage to wheat by this 
insect was received March 17 from 
Okeene, Blaine County. By March 27, 
reports and field observations indicated 
that the infestation was rapidly spread- 
ing and that many fields of barley were 
already practically destroyed. Because of 
the emergency, it was decided to make an 
aerial survey to determine the nature and 
extent of the infestation. As reported by 
Whitehead and the senior author in an- 
other paper, this survey showed that the 
infested area was located in the north- 
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eastern part of the State. A heavy, dash- 
ing rain April 5 checked the infestation 
near Stillwater; but elsewhere, and par- 
ticularly in the northern counties, the 
infestation continued to increase. Until 
mid-April the infestation was very largely 
confined to barley and wheat, especially 
the former, but migration of the winged 
green bugs to spring oats then took place 
with disastrous results to the latter crop. 
The damage continued in the northern 
part of the infested territory throughout 
the first half of May, although the in- 
festation was declining in winter wheat 
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November and December, +15 for Janu- 
ary and —3 for February. 

That data on total rainfall are mis- 
leading as an index of the general effect 
of precipitation on this insect is well 
illustrated by rains occurring in early 
April over the most heavily infested ter- 
ritory. April 5, in the vicinity of Still- 
water, a very heavy, dashing rain fell 
for approximately 20 minutes. Several 
fields were visited as soon as possible after 
the rain ceased, and it was found that 
this rain had enormously reduced the 
green bug population. In the northern 


Table 1.—Climatological data during and for six months preceding green bug outbreak, Oklahoma, 





1938-1939. 
Serr. Oct. 
TemPperatureE Mean 74.3 68.7 
Departure from 
Normal +0.3 +6.8 
RAINFALL Mean 2.38 0.26 
Departure from 
Normal —1.2 2.9 


Nov. Dec. Jan. Fes Mar. Apr. May 


48.9 41.3 43.5 36.8 53.4 59.2 70.6 


1.03 +2.8 +7.1 -2.2 +3.0 -—0.9 +2.8 


23 0.39 2.88 0.77 1.81 2.3 5.03 


N —1.04 +2.3 -0.5 —0.5 -1.4 —0.05 





and winter barley. As the weather con- 
tinued to become warmer, the aphids 
rapidly disappeared; and by June 2 they 
were difficult to locate. Thus the most 
serious phases of the infestation occurred 
during a three-month period from March 
through May. 

Cumatic Consiperations.— Within 
the most heavily infested area, the 
temperature was above normal in six of 
the nine months from September, 1938 
to and including May, 1939. The excep- 
tions were November, February and 
April (Table 1). During the latter month 
a subnormal temperature was favorable 
to the green bug, and a subnormal tem- 
perature in November was not particu- 
larly unfavorable. The rainfall was below 
normal every month except November 
when it was normal and January when it 
was above normal (Table 1). 

A study of climatological data of se- 
lected localities within each of the three 
zones of light, medium and heavy in- 
festation showed no important differ- 
ences which would account for the varia- 
tion in the intensity of the green bug pop- 
ulation within these areas. The monthly 
minimum temperatures recorded for four 
localities within the most heavily infested 
zone were +10 degrees Fahrenheit for 





part of the infested area, however, there 
was a greater total rainfall, but it ap- 
parently fell over a longer period and had 
little or no effect on the green bug 
population. 

CoMPARATIVE Crop SUSCEPTIBILITY.— 
General field observations showed that 
winter barley was more susceptible than 
winter wheat and that spring oats were 
injured most of all. The initial infestations 
developed in wheat and barley, especially 
the latter. The total acreage destroyed 
was about the same in these two crops, 
with about 1,000 more acres of barley 
lost. However, since far more wheat than 
barley was planted, the latter crop ap- 
pears to be much more attractive to the 
green bug and to be much more suscep- 
tible. Oats were injured most seriously, 
largely because they were planted in the 
spring and the plants were quite small at 
the time of the green bug migration. Esti- 
mates based upon a questionnaire sent 
out to county agents show that 57,645 
acres of oats, 20,300 acres of barley, and 
19,210 acres of wheat, or a total of 97,155 
acres of grain crops, were destroyed. The 
estimated financial loss was $508,704.30.! 


! Computed by Dr. Peter Nelson, Department of Agricultural 
Economics, Oklahoma A. & M. College. 
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Counties showing the heaviest losses were 
Kay, Noble, Tulsa, Rogers and Creek in 
the order named. 

More detailed observations on experi- 
mental plats of small grains gave further 
information on their comparative sus- 
ceptibilities to the green bug. Two series 
of experimental plats which were located 
west of the endemic area became gener- 
ally infested by wind spread of the 





Fic. 1 Experimental oat plats near Tonkawa, 
Okla., showing variation in varietal susceptibility 
to green bug damage. The plat in the center is a 
strain of Kanota oats bordered by Red Rust Proof, 
readers right, and Nortex (7476) and Lee (C. 1.8307), 
readers left, which were destroy ed. Plats of Colum- 
bia and Cokers Fulghum strain 4 (4786) seen to the 
extreme left and right of the picture also survived 


winged aphids. In the first series of 
plats, located near Blackwell, Michigan 
winter barley was the most seriously 
injured of the fall sown grains, followed 
by Lee Winter oats and Tenmarq winter 
wheat in the order named. The damage 
consisted principally in a marked reduc- 
tion in yield. In this same series, however, 
Kanota spring oats and Manchuria spring 
barley were entirely destroyed. Corn of a 
variety called Funk 90-day, planted next 
to the spring grains, was also mostly 
destroyed. 

In the second series of plats, located 
east of Tonkawa (Fig. 1), the Red Rust 
Proof, Lee (C. I. 3307) and Nortex 
7476) varieties of spring oats were en- 
tirely destroyed. The Kanota? Fulghum 
Coker’s Strain four (4786) and Colum- 
bia varieties, while severely injured by 
drought and also to some extent by the 
green bug, headed and produced an aver- 
age of two bushels per acre. 


Note that on one plat this variety was destroved. The seed 
obtained from different sources 


planted in the two plats were 
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Errect or PLant Vicor.—The effect 
of plant vigor on green bug damage was 
well illustrated in the Blackwell plats 
where winter wheat, winter barley and 
winter oats were planted across plats 
previously in corn, darso, 
wheat, and summer fallow following 
wheat. The darso had taken much of the 
water from the soil so that at the time 
the small grains were drilled in the fall it 
was lumpy and very dry. As a result, the 
wheat, barley and oats following this 
rotation did rather poorly. Not being in 
as good vigor as the rest of the plats at 
the time of the green bug migration, they 
were damaged far more than identical 
crops following other rotations. These 
rotations, however, had no effect upon 
the susceptibilities of spring oats and 
spring barley to green bug infestation. 

ECOLOGICAL StTuUupIES.—Six fields of 
winter barley and wheat, within which 
were many of the heavily infested cireu- 
lar areas typical of green bug damage, 
were chosen for studies. Two of these 
fields were smooth head (beardless) bar- 
ley, one was bearded barley, two were 
blue stem wheat, and one was red currell 
wheat. One of the beardless barley fields 
was destroyed early in the studies, thus 


soybeans, 


preventing complete records. Five typi- 
cal green bug spots in each field were 
selected for study, except in one field 
where only three were observed. Daily 
observations were made whenever pos- 
sible. Stakes were placed at points be- 
tween the plants which had already sue- 
cumbed to the attack and those which 
were heavily infested but upright and 
alive. Each field was numbered to facili- 
tate the keeping of data by field number 
instead of by extensive description of 
location. Each point (circular area of 
infestation) staked off in each field was 
also numbered. 

From each point in each field, random 
samples of green bugs were taken by 
placing samples of infested leaves in vials 
of aleohol. These were brought to the 
laboratory and observed under a binocu- 
lar, making counts of the relative num- 
bers of alate, apterous, and parasitized 
green bugs. Percentages of these forms 
were calculated from these data. 

Numbers of lady beetle (//ippodamia 
convergens Guer.) larvae, pupae and 
adults were recorded at two locations in 
each of the infested points studied. These 
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data were later compiled for each field 
to arrive at an average number of particu- 
lar forms per three linear feet of plants. 

An additional type of study was begun 
April 13, at which time an attempt was 
made to determine the percentage of 
green bug-infested leaves. This was done 
by picking at random 50 leaves from the 
inner or most heavily infested portion of 
a green bug infested spot and counting 
the number with green bug colonies on 
them. 
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during this period. Averaging all collec- 
tions, an early peak of 11.5 per cent alate 
forms was reached April 12 and a later 
peak of 11.2 per cent May 1. Ordinarily 
from 6 to 8 per cent of the specimens 
collected were winged. The presence of 
winged forms March 31, the first date of 
collection, shows that there must be some 
early season dispersal of the green bug, 
although, because of the small popula- 
tion, this may not be important. The fact 
that no greater percentage of alate forms 
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Fig. 2. Temperature relations of green bugs, their parasites and predators, in Field No. 1. 


INFESTATION.—At the time infestation 
counts were started, from 46 to 87.2 per 
cent of the leaves in the inner or most 
heavily infested rows of the spots were 
infested. Subsequent records show a more 
or less steady decline in the infestation 
from this date to the end of the observa- 
tions. It was apparent that some factor 
adverse to multiplication of the green 
bug was either present in the fields at the 
time the records were being taken or had 
already made its influence felt. As previ- 
ously stated, it is believed a heavy rain 
was primarily the cause for this. 

DeVELOPMENT OF ALATE Forms. 
There was no marked trend towards an 
increase in the production of alate forms 





was produced in these fields does not 
mean necessarily that a much _ higher 
percentage is not sometimes developed. 
In fact tremendous numbers of winged 
green bugs which were reported in Black- 
well showed that there must have been 
a higher percentage of winged forms 
developed in fields in the northern part 
of the State. 

ParasitisM.—The only parasite ob- 
served was Lysiphlebus testaceipes (Cres- 
son). Since this species is supposedly the 
most important natural control of the 
green bug in the Southwest, a study of 
its effect on this pest in relation to the 
infestation was made. In all fields 


studied, the green bug infestation had 
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Temperature relations of green bugs, their parasites and predators, in Field No. 6. 
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begun to decline prior to any marked 
increase in parasitism. This is shown in 
figures 2, 3 and 4, which illustrate con- 
ditions in three of these fields. The 
parasites were present in every field but 
in widely varying numbers (Fig. 5). In 
three of the five fields studied the prog- 
ress of parasitism followed a very similar 
pattern, averaging 10 per cent or less up 
to April 15 and beginning to increase 
sharply only after April 25. In one field 
10 per cent or less of the aphids were 
parasitized up to April 13, but from this 
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stroyed before the parasites overcame 
them. May 15 the parasites had emerged 
and were swarming in countless numbers 
everywhere in this field. The observa- 
tions in all fields indicated the parasite 
failed to control the aphid in time to save 
the oats and barley crops; and it is clearly 
indicated that in all fields sampled the 
parasites had little effect on the green bug 
infestation, for before the parasites be- 
came abundant the infestation had de- 
clined to a low point due to some other 
factor. 
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point on there was a spread of around 
20 per cent increase in parasitism over 
the first group mentioned. The fifth field 
had 10 per cent of the aphids parasitized 
at the beginning of the observations and 
70 per cent by April 19. By early May all 
fields showed approximately 60 to 70 per 
cent of the aphids parasitized. One field 
under general observation but where no 
exact data were taken showed only a 
trace of parasitism at the time observa- 
tions were made. The most effective work 
of the parasites was noted in a field of 
spring oats. This field was infested by 
migratory and practically 


aphids de- 


Green bugs parasitized in five fields. 


PreDATORS.—Hippodamia convergens 
Guer. was the most important preda- 
ceous insect. Megilla maculata DeGeer 
was observed only nine times. Chrys- 
opa plorabunda Fitch was observed in 
the fields but was not particularly im- 
portant; in fact, since it was observed to 
destroy H. convergens pupae, its bene- 
ficial effect was partly neutralized. A 
lizard, Sceloporus undulatus consobrinus, 
was also found to destroy green bugs, 
eating approximately 100 in one hour. It 
was not observed to prey upon /. 
convrergens. 

The convergent lady beetle was un- 
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doubtedly of considerable value in check- 
ing green bug infestations in some fields. 
Counts showed that the maximum num- 
ber occurred at the rate of 38 larvae per 
3 feet of row in one field on April 7 and 
26 beetles per 3 feet in this same field 
April 25 and 26. (Fig. 2). At the time 
the observations started, larvae greatly 
predominated, the peak of population 
being reached April 3. Most pupae were 
found April 12 and most beetles April 26 
and 27 (Fig. 6). The figures show that 
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curred in Northeastern Oklahoma and 
caused an estimated loss of over half a 
million dollars to small grain crops. 
Winter barley was more severely dam- 
aged than winter wheat and a much 
greater percentage of fields was infested, 
CGireatest damage was, however, inflicted 
on spring oats. There is some evidence 
of comparative resistance of some oats 


varieties to green bug damage. Fall 
planted barley, oats and wheat were 


much more severely damaged following 
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there was one generation developed dur- 
ing the period of the green bug outbreak 
from eggs laid by beetles in March. These 
beetles were probably those which had 
recently emerged from hibernation. Con- 
sidering both beetles and larvae as active 
predators, H. convergens acted as a check 
to the green bug chiefly from late March 
to April 10 and again from April 23 to 
early May. 
SumMary.—During the 
a severe outbreak of the 


spring of 1939 


green bug oc- 


grain sorghums (darso) in a_ rotation 
than following soybeans, corn, or wheat. 
In all fields studied, the parasite Lysiphle- 
bus testacetpes did not occur in sufficient 
abundance to check the green bug until 
after the infestation had declined to a 
low point or until the grains had already 
damaged beyond recovery. The 
most important predator was /Hppo- 
the larvae of which 


been 


damia convergens, 


were abundant at the peak of the green 
bug infestation. 2-1-40. 























An Outbreak of the Velvetbean Caterpillar in Alabama 
with Data on Control 


Ff. BE. Guyton, Agricultural Experiment Station, and Alabama Polytechnic Institute, Auburn 


The velvetbean caterpillar, Anticarsia 
gemmatilis (Hbn.), has been a minor 
pest of peanuts in Alabama a number of 
years. Usually, heavy infestations ap- 
pear so late that little damage is done 
to the peanut crop. In 19389, however, 
an extensive outbreak occurred at least 
a month earlier than the usual infesta- 
tions and the peanuts were at least a 
month later than the average crop. Heavy 
infestations of larvae were first reported 
to the Zoology-Entomology Department 
at Auburn from Geneva county on 
August 10. Damage to peanut foliage in 
various parts of southeastern Alabama 
continued and became more serious until 
it was deemed advisable to conduct ex- 
periments to devise control measures for 
the pest. The investigation was begun on 
August 28 using the Wiregrass Substa- 
tion at Headland, Alabama, as head- 
quarters. 

An inspection of peanut fields in the 
Headland area revealed that almost every 
field was infested with the velvetbean 
caterpillar. Thousands of moths were 
present per acre in heavily infested 
areas. Larvae were extremely abundant 
in some fields, the number found in heav- 
ily infested areas varying from 15 to 285 
worms to a single plant. The average per 
plant varied from 20 in fields that had 
not been long infested to 200 in older 
infested fields. It was estimated that 
some fields averaged three million velvet- 
bean caterpillars per acre, and in such 
fields the majority of the plants were 
rapidly defoliated. The importance of 
such an outbreak of insects can well be 
understood when it is known that Ala- 
bama farmers plant nearly 500,000 acres 
in peanuts annually and they are therefore 
a major crop. 

DistRiBUTION IN ALABAMA.—Geneva, 
Houston and Covington counties in the 
southeastern part of the State, bordering 
Florida, were the first in which the worms 
were found (Fig. 1). By September 1 the 
insect had almost completely defoliated 
approximately $5,000 acres of peanuts in 
Geneva and Houston counties. From 


these counties, which received their in- 
festation from Florida, the insects gradu- 
ally moved northward. The larvae were 
not present in damaging numbers in 
Pike county for at least two weeks after 
they were found in great numbers in the 
counties above mentioned. By the mid- 
dle of September heavy infestations of 
larvae were found as far north as Lee 
county. 

Host PLANTS OF THE VELVETBEAN 
CATERPILLAR.—Scott (1910) reported 
“the velvetbean has but one important 
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Fic. 1.—Known distribution of the velvetbean 
caterpillar in Alabama, 1939. 
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enemy causing serious injury, the Anti- 
carsia gemmatilis.”” Watson (1915) re- 
ferring to the velvetbean caterpillar 
wrote, “they have been found feeding on 
only the various species and varieties of 
the velvet bean, the kudzu vine and the 
horse bean.” Hinds (1930) reported the 
larvae feeding on soybeans and_ black 
locust. He stated further that velvet 
beans which grew near the soybeans were 
not injured; that O-too-tan and 
Laredo varieties of soybeans were pre- 
ferred over others. Watson (1930) re- 
ported the larvae atta¢king peanuts and 
soybeans. Hinds & Osterberger (1931) 
reported that the larvae defoliated soy- 
beans completely before touching velvet 
beans, where they were growing side by 
side, and that the foliage cowpeas was 
more readily attacked than that of velvet 
beans. 

The velvetbean caterpillar was a major 
pest of peanuts, soybeans, and velvet 
beans in Alabama in 1989. Although the 
three legumes were all damaged by the 
ravages of millions of velvetbean cater- 
pillars, the greatest and most wide spread 
feeding occurred on the leaves and buds 
of peanut plants. It was also found feed- 
ing on kudzu, snap beans, cotton, Ses- 
bania, lima beans, and cowpeas. At the 
Wiregrass Substation the larvae attacked 
soybeans first, completely defoliating the 
plants, after which they defoliated Span- 
ish peanuts and then moved to runner 
peanuts. Velvet bean was the last major 
host being attacked. At Auburn soybeans 
were first to be defoliated, velvet beans 
were second choice, while peanut plants 
growing within 300 yards of a heavily 
infested field of velvet beans were scarcely 
attacked at all. 

SomE CHARACTERISTICS OF THE INSECT. 

Due to a great variation in the color 
pattern, the larvae of the velvetbean 
caterpillar are usually hard to recognize 
definitely. The very young are 
always green but after the first instar 
stage is passed a wide variation of color 
occurs. As full grown larvae they may 
exist in a light form with distinct stripes, 
as a very dark form with distinct stripes, 
and as a light green form’ without 


also 


ones 


noticeable longitudinal stripes but with 
light yellow transverse markings. Larvae 
usually turned a reddish brown on their 
dorsal surface after they ceased feeding 
and were located in tke pupal position in 
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the ground or under leaves or other shelter 
on the ground. 

The larvae were very active, feeding 
both by day and by night, but were much 
more active on dark than on bright days. 
As long as there was plenty of food avail- 
able there seemed to be practically no 
migration. When fields of peanuts were 
completely defoliated thousands of worms 
could be seen migrating across roads to 
other fields. 

The moth exhibits about as many color 
varieties as the larvae, but it stays 
within the range of light grayish tans to 
very dark browns. In September and 
October a high percentage of the moths 
were of the dark phase. Moths were 
active at night, just before dark, and on 
very dark days. They showed no tend- 
ency to be attracted by lights. At Auburn, 
hundreds of the moths were seen to feed 
on lantana flowers. 

A detailed description of the complete 
life history stages of the velvetbean cater- 
pillar was given by Watson (1915) and 
pictures of the various stages were pub- 
lished by Hinds (1930). 

EXPERIMENTAL Procepure.—A num- 
ber of peanut fields were visited in order 
to select areas best suited for experi- 
mental work. An effort was made to 
select areas which had peanut plants of 
uniform size and stand, and a sufficiently 
heavy infestation of velvetbean cater- 
pillars to help warrant accurate results. 
After an area was selected it was divided 
into one-fiftieth plots measuring 
approximately 12 by 72 feet. Each plot 
was separated from adjoining plots by a 
three foot space which was ditched to a 
depth of a foot or more and which was 
supposed to have been kept in a dust 
mulch condition in order to prevent cater- 
pillars from migrating from one plot te 
another. 

The poisons used were weighed, hagged, 
labeled and made ready for application. 
When dusts were diluted the diluent and 
the poison were placed in a gallon syrup 
bucket with a dozen large metal washers 
and agitated by shaking until thoroughly 
mixed. Weighings of dusts used were 
made to hundreths of a pound. Since dur- 
ing the entire experimental period a high 
wind was blowing throughout the day- 
time, all dust applications were made at 
night. The time of dusting ranged from 
6 p.m. to 11:30 p.m. depending largely 


acre 
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on what time the wind subsided suf- 
ficiently to permit an application of the 
dusts without too great a loss. All dusts 
were applied by the garden variety type 
of Root hand guns. 

An effort was made to have all plots 
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counts were made near the dusted plots. 
In making counts of larvae both on checks 
and dusted plots the vines of the plant 
were cut at the ground surface and then 
vigorously shaken on the area from which 
they were removed. The worms on this 


Table 1.—The average number of velvetbean caterpillars per peanut plant and the per cent control 


on all plots, headland, Alabama, 1939. 





Howe .v’s PLor 





Sano Hii FAULKNER'S PLot No. T& Il 
Les. -- — 
PER Per cent Per cent Per cent 

INSECTICIDI Acre Dusted Check control Dusted Check control Dusted Check control 
Lead arsenate 8 73 90 0 31* 83* 62.5* 
Lead arsenate 10 18 174 89.6 10 124 91.9 
Lead arsenate 10 5 124 96.0 
Lead arsenate ] 
Hydrated Lime 1 20 14 174 92.0 13 124 89.5 
Lead arsenate ] 
Hydrated Lime 2 10 72 174 58.6 
Lead arsenate l 
Hydrated Lime 4 10 98 174 43.7 
Lead arsenate 1 
Port. cement 3 20) 45 124 63.7 
Port. cement 3 
Lead arsenate l 20 57 124 54.0 
Lead arsenate l 
Hvdrated Lime 2 Ss 4 72 66.6 53* 83* 36 .0* 
Lead arsenate l 
Hydrated Lime 4 8 33 72 52.8 59* 83* 29.0* 
Calcium arsenate 8 6 72 90.3 my 83* 42. 6* 
Calcium arsenate I 
Hydrated Lime 2 Ss 25.3 72 65 Q7* 83* 67 .4* 
Calcium arsenate 10 11 174 93.7 l 124 91.1 
Calcium arsenate 10 25 124 79.8 
Calcium arsenate 1 
Hvdrated Lime 4 20) 3 | 174 82.2 25 124 79.8 
Calcium arsenate 1 
Hydrated Lime 2 10 SO 174 54.0 
Timbo l 
Tale 3 S 15 72 7.5 +9" 83* 41 .0* 
Timbo l 
Tale 7 S Ot 72 25.0 56" 83* $2.5* 
Portland Cement 15 46 124 62.9 
Portland Cement 15 51 124 59.0 
Poison Bran bait** 20 27 124 78.2 
Poison Bran bait 20 73 124 41.1 
Poison Bran bait 50 50 124 59.7 
Poison Bran bait 50 45 124 63.7 
Poison Bran bait 250 2 174 70 
Poison Bran bait 250 52 174 70 

* Rain in 18 and 36 hours after dusts were applied. 
* Wheat shorts 20 Ihe 
Paris Greet 1 Ib 
(ranges | 


Svrup «ats 
} i 


replicated one or more times. Relative 
efficiency of the various materials for the 
control of the larvae of the caterpillar 
was determined by comparing the num- 
ber of living larvae found on each dusted 
plot with the number of living larvae 
found on the undusted check plots. Check 


area were then picked up, counted, and 
placed in containers. Living and dead 
worm counts were kept separately, but 
the number of dead worms was not used 
in figuring the per cent of control. There- 
fore the results of the experiments must 
be interpreted as per cent control rather 
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than per cent kill. Infestation records 
were taken on each dusted plot and each 
check plot daily with but few minor 
exceptions. 

DiscussION OF EXPERIMENTS AND RE- 
suLts.—The experiments were conducted 
at four different locations within an eight 

Table 2.—Average percentages of control of 


the velvetbean caterpillar from insecticidal dusts 
applied to peanuts, Headland, Alabama, 1939. 





Las 
Dust No AVERAGE 
PER oF Per Cent 
INSECTICIDE ACRE Piotrs Conrrot 
Calcium arsenate 8 l 90.3 
Calcium arsenate 10 3 $8.2 
Calcium arsenate 1 
Hydrated Lime 1 20 2 81.0 
Calcium arsenate 1 
Hydrated Lime 2 8 1 65.0 
Calcium arsenate 1 
Hydrated Lime 2 10 l 54.0 
Lead arsenate Ss | 900 
Lead arsenate I 
Hydrated Lime 2 8 | 66.6 
Lead arsenate l 
Hydrated Lime 4 8 l 94.0 


Lead arsenate 10 3 09 5 


Lead arsenate l 

Hydrated Lime 1 20 2 00.7 
Lead arsenate | 

Hydrated Lime 2 10 1 58.6 
Lead arsenate l 

Hydrated Lime 4 10 l $3.7 
Lead arsenate l 

Portland cement 20 2 5S.S 
Timbo l 

Tale | s ] 36.1 
Timbo ] 

Tale 7 8 l 25.0 
Poison bran bait 20 2 596 
Poison bran bait 0 2 60.9 
Poison bran bait 250 2 70.0 
*Howells I 

Calcium arsenate 8 l $2.6 
Calcium arsenate | 

Hydrated Lime 2 8 | 67.4 
Lead arsenate ba l 62.5 
Lead arsenate l 

Hydrated Lime 2 8 l 16.0 
Lead arsenate l 

Hydrated Lime 4 8 l 29.0 





* Rained within 18 and 36 hours 


mile radius of Headland, Alabama. The 
materials and amount of materials used 
in the experiments, the control obtained 
by their use, and the average number of 
living larvae found on the checks and 
dusted plots are given in table 1. The 
average percentage of control for the 
different materials tested is given = in 
table 2. 

The smallest population of larvae was 
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found at the Sand Hill experimental 
plots. Here the check plots averaged only 
20 worms per plant on August 25 and 
built up to 72 worms per plant on August 
29. Little damage could be discerned on 
August 25, but one week from that time 
much damage was evident, and in less 
than two weeks the field was completely 
defoliated. The lead and calcium arsenate 
plots on which a 90 per cent control had 
been obtained remained in good foliage 
until thousands of worms migrated in 
from the surrounding defoliated areas. 
The rapidity with which these larvae fed 
was well illustrated at the Faulkner place. 
On Saturday, August 26, at 8 p.M., seven 
plots of this experiment were dusted; at 
this time the peanut vines were in fairly 
good foliage but by Monday, August 28, 
all of the vines except those on the dusted 
plots were at least 98 per cent defoliated. 

As a rule, larval migration was a negli- 
gible factor in the experiments until after 
all the foliage had been devoured in the 
fields surrounding the experiments. Then 
if the protective ditches around the ex- 
perimental plots were not in a dust mulch 
condition the larvae readily migrated 
across them. A crowd of farmers visited 
the Faulkner plots on Thursday, August 
$l and the ditches were badly tramped 
down and packed. By the following Sun- 
day most of the dusted plots had been de- 
foliated by migrating larvae which had 
crossed the barriers. 

Lead and calcium arsenates were the 
only materials which satisfactorily con- 
trolled the larvae of the velvetbean 
caterpillar. The maximum kill from these 
arsenicals occurred 3 to 4 days after 
exposure. Lead arsenate, at the rates of 
8 and 10 pounds per acre, gave average 
controls of 90 and 92.5 per cent re- 
spectively. When it was used at the rate 
of 10 pounds per acre mixed with 10 
pounds of hydrated lime it gave an aver- 
age control of 90.7 per cent. When the 
lead arsenate dusts were used at a greater 
than 1-1 dilution unsatisfactory results 
were obtained. Lead arsenate did not 
burn the peanut foliage in any of the 
experiments regardless of whether the 
foliage was wet or dry when the dusts 
were applied. 

Calcium arsenate, applied at the rates 
of 8 and 10 pounds per acre, gave 90.5 
and 88.2 per cent control. When diluted 
with equal parts of hydrated lime and 
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applied at the rate of 20 pounds per acre 
it gave an average control of 81 per cent. 
Greater dilutions than this gave very 
unsatisfactory results. Every application 
of calcium arsenate, regardless of the 
dilution, caused burning of the peanut 
foliage. Farmers reported foliage burning 
in most field dustings and one case was 
reported to be so severe that all the 
leaves of a hundred-acre field were com- 
pletely killed. 

Timbo, bearing 4 per cent rotenone, 
gave very poor control. When diluted 1 
to 7 with tale it gave 25 and 32.5 per cent 
control, and when diluted 1 to 3 with 
tale it gave 37.5 and 41 per cent control. 
The plots giving 32.5 and 41 per cent 
control had rain in 18 and 36 hours after 
the dusts were applied. 

Poison bait, substituting wheat shorts 
for bran, was used at ratios varying from 
20 pounds to 250 pounds per acre, but 
none of the various quantities tested was 
effective in preventing the feeding of the 
larvae. 

Errect oF DEFOLIATION ON YIELD OF 
Peanuts.—In an effort to determine 
what effect defoliation of the vines would 
have upon the yield of nuts, 17 plots were 
harvested at the Faulkner experiment. 
The nuts were gathered from 100 square 
feet of each plot. The weight of the nuts 
was recorded, a one-pound sample was 
bagged, labeled, dried and reweighed. 
The nuts were then shelled, care being 


LiIncoLn & Patm: ALFALFA SNout BEETLE Baits 





639 


taken to separate the good from the bad 
ones. From these data the shelling and 
shrinkage percentages were figured. The 
variation in yield among the check plots 
and within the treated plots was so great 
that it was impossible to draw definite 
conclusions from the data. 

SUMMARY.—Lead arsenate, applied in 
dust form at the rates of 8 and 10 pounds 
per acre, gave an average of 91 per cent 
control of the velvetbean caterpillar on 
peanuts. It caused no burning of leaves. 

Calcium arsenate dust, applied at the 
rates of 8 and 10 pounds per acre, gave 
an average of 89 per cent control but 
caused burning of peanut foliage in 
almost every instance. 

Timbo dusts containing 0.5 per cent 
and 1 per cent rotenone were ineffective 
as controls for the velvetbean caterpillar. 

Neither lead nor calcium arsenate gave 
effective control when mixed with more 
than an equal part of a diluent. 

Peanut was the principal host plant of 
the velvetbean caterpillar in Alabama in 
1939; soybeans, velvet beans and kudzu 
were also severely damaged in certain sec- 
tions of the state. 

The maximum kill from the arsenicals 
used in this experiment occurred 3 to 4 
days after exposure. 

Data obtained were not satisfactory for 
determining the effect of complete de- 
foliation of the plants on yield of peanuts. 

1-22-40. 


LITERATURE CITED 


Hinds, W. E. 1930. The occurrence of 


Jour. Econ. Ent. 23: 684-90 
Hinds, W. E., and B. A. Osterberger 
24: 1168-78 


Scott, John M. 1910. The Velvet Bean. Fla 


inticarsia gemmatilis as a soybean pest in Louisiana in 1929 
1931. The Soybean Caterpillar in Louisiana. Jour. Econ. Env. 


Bul. 102, 57-8. 


Watson, J. R. 1913. Destructive Insects of the Year Report Fla. Agr. Expt. Station. LXV. 
Watson, J. R. 1915. The velvetbean caterpillar. Report Fla. Agr. Expt. Sta. XLIX-LXIV. 


Watson, J. R. 1930. Velvet Bean Insects. Fla 


Agr. Expt. Sta. Report 67. 


New Baits for the Control of the Alfalfa Snout Beetle. 


Brachyrhinus ligustici (L. ) 


C. G. Linco.n and C, E., 


Since the discovery of the alfalfa snout 


beetle, Brachyrhinus ligustict (L.), at 
Oswego, New York, in 1933, the bio- 


nomics and control have been studied. It 
will be recalled that this insect is a wing- 
less, parthenogenetic weevil having nor- 
mally a two year life cycle. The adults 


Paum, Cornell Unive rsity 


emerge on the surface of the soil and 
migrate during April and early May. 
During this period the application of 
poison bait is an effective measure of 
control. Since this pest is known to be 
present only in Oswego and Jefferson 
counties of New York State and this in- 
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festation comprises the only known dis- 
tribution in North America, an effort is 
being made to bring the beetle under 
control within the infested area and pre- 
vent or delay its spread. Annually since 
1936 the New York State Department of 
Agriculture and Markets has carried out 
a control program over all known infested 
acreage of alfalfa and clover in Oswego 
and Jefferson counties. Coincident with 
this program a full research program on 
developing poison baits satisfactory for 
the control of this insect has been con- 
ducted in the same areas by the Depart- 
ment of Entomology of Cornell Uni- 
versity. Laboratory, field cage, and field 
plot tests of the various baits are made 
each year. Only the most promising baits 
are ¢.ven extensive field trials. Through 
the close cooperation of the two agencies, 
the research and control program have 
worked hand in hand. This paper ts a 
progress report on the experimental work 
in 1939 with poison baits for the control 
of the adult beetles. 

Bair Formutar.—F—raisins 50 Ibs., 
shorts (standard wheat middlings), 50 
lbs., sodium fluosilicate 5 Ibs., water. The 
raisins are soaked for at least two hours 
and the excess water drained off. The 
shorts and poison are mixed and added 
to the raisins. The mixture is ground twice 
through a food chopper. (Downes, 1932 
and Palm, 1936.) This is the standard 
raisin bait which has been used in the 
control campaign since 1936, 

F3—Bran 100 lb., granulated cane sugar 
20 Ibs., soybean flour 18 Ibs., sodium 
fluosilicate 8 Ibs., water 12 gals. This is 
the standard bran bait, but in one experi- 
ment three other bran baits were used, 
F15 in which the soybean flour was 
omitted, F16 in which the sugar was 
omitted, and F14 which contained neither 
sugar nor soybean flour. 


Corncob baits: The cobs were put through a burr 
mill which broke them into pieces one half inch in 
diameter and smaller 

F1—cobs 100 Ibs., 
Ibs., sodium fluosilicate 8 Ibs., 

F7—As F1 but containing only 6 Ibs. of sodium 
fluosilicate 

F8—As F1 but containing only 4 lbs. of sodium 
fluosilicate 

F4—As F1 with 1 Ib. of casein glue added. 

F6—As F1 with the sugar omitted. 

F2—As F1 but the amounts of sugar and soybean 
flour were halved and 1 Ib. of gum Karaya 1A added. 

F5—The same as F2 but using gum Karaya LAXS 

F110 As Fl but using only the larger pieces of 


sugar 20 Ibs., soybean flour 18 
water 10 gals. 
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cobs that were retained in a screen with 4 meshes to 
the inch. 

F1l—As FI but using only the smaller pieces of 
cobs that passed through a screen with 4 meshes to 
the inch. 

F9—As F10 but using 40 Ibs 
soy bean flour. 


sugar and 15 Ibs. 


All of these baits were tested in field 
cages or field plots. In addition many 
baits were given preliminary tests in the 
laboratory. Because of the prevailing 
cold, rainy weather that makes feeding 
slow and uncertain and may cause ir- 
regular emergence, a bait which will re- 
main attractive for several days is needed, 

Furthermore, a high killing efficiency 
(approaching 95 per cent) is necessary to 
insure a marked reduction in injury and 
larval population. 

Most of the laboratory tests on baits 
(other than those mentioned above) were 
made in an attempt to increase the effec- 
tive life of the corncob, sugar, soybean 
flour, sodium fluosilicate bait (F1). 

Krrect or Rain on Barits.—A device 
was perfected to subject the baits to 
simulated rain in the laboratory. It con- 
sisted of a turntable on which the baits 
were placed and a spray nozzle connected 
to the water system to furnish the rain. 
The rainwater from bait was re- 
covered and filtered and the efficiency of 
the baits was compared with that of the 
original baits of the same formulae in bait 
tests in small incubator cages. 

A considerable amount of visible ma- 
terial was washed off the corncob, sugar, 
soybean flour, sodium fluosilicate bait (F1 
by two inches of rain. Of the vegetable 
and animal oils, rosin oil was the only one 
that reduced the amount of washing off 
of materials from the corn cob bait and 
it proved to be repellent. Rosin residue 
emulsion, asphalt emulsion, and various 
commercial stickers also failed to reduce 
the amount washed off. With these corn 
cob baits the kill was markedly reduced 
by two inches of rain. 

Addition of gum Karaya or animal glue 
to the corncob bait reduced the amount 
of solid materials washed off by £0 to 90 
per cent. However efficiency of the bait 
was still greatly reduced by two inches 
of rain. On the other hand raisin-shorts 
bait (F) lost none of its potency from the 
rain treatment. 

Bair Tests at ContTroLLep 
PERATURES.— Beetles for use in 
tory and field cage bait tests were col- 
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lected from trench or naphthalene bar- 
riers and stored in large cages at cellar 
temperature, 45 to 60 degrees, and fed 
alfalfa until they were needed. 

Eight-inch square metal cages with 
screen Wire tops were used in the labora- 
tory tests. Twenty-five beetles were 
placed in each cage with a small handful 
of the bait. Unless the effect of tempera- 
ture was being studied the cages were 
kept at a constant temperature of 70 or 
75 degrees. Counts were made at 12 and 
24 hours or at longer intervals. 

Figure 1 presents the kill obtained with 
raisin-shorts bait (F) at different tem 
peratures in 1938 and 1939. Apparently 
the beetles used in 1939 were less hardy 
than those used the previous year and 
were more easily killed. 

There appears to be little difference be- 
tween temperatures from 70 to 95 degrees. 
Below 70 there is a marked retardation in 


the rate of kill. 
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Fic. 1.—Relation of temperature to kill, using 


raisin-shorts bait 


Bait Tests in Fretp Caces.—Bait tests 
were made in the field in cages three feet 
square and one foot high with wooden 
sides and screen wire tops. A small hand- 
ful of bait was broadcast in each cage, 
and one hundred beetles liberated. Counts 
were made two to four days later on 
plowed ground and three to five days later 
in alfalfa. Most of the beetles were 
recovered in counting. 

Each bait represented in figure 2 was 
replicated ten times in alfalfa and eight 
times on plowed ground. The line of sig- 
nificance in this and subsequent charts 
is based least difference that is sig- 
nificantly less at odds of 20:1 than the 
kill obtained with raisin-shorts bait. 
Analysis of variance was used in ecaleu- 
lating this. Baiting in alfalfa provides a 
more severe test of a bait than baiting 
on plowed ground. Bran bait (F3) and 


raisin-shorts bait were the most effective 
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baits. Of the corn cob baits Fl and F7 
were the best. These were poorer than 
raisin shorts bait but not significantly so 
in either plowed ground or alfalfa. Corn 
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cob bait with no sugar (F6) was the 
poorest. The corn cobs used in these 
baits were not screened and contained 
much fine materials. 
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A test was conducted comparing as 
carriers the finely ground corn cobs that 
would pass through a 4-mesh screen and 
the coarser pieces that were retained in 
the sifter. Figure 8 shows that the fine 
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Bait tests in field cages, 1939. 


material (Bait F11) is inferior as a car- 
rier to the larger pieces (Bait F10). 
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There was no significant increase in kill 
obtained by increasing the sugar from 


twenty to forty pounds (Bait F9). 
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A comparison of mill run cobs and cobs 
with the fine material screened out showed 
no advantage for the latter (Fig. 4). 

The last test of the season, June 5, was 
a study of the different ingredients of the 
standard bran bait, F3. The beetles were 
so weak that high mortalities occurred in 
all treatments as well as the checks. 
There were no significant differences be- 
tween the baits but the standard bait was 
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the best, and bran-sodium fluosilicate the 
poorest (Fig. 5). 

As has been true in previous years only 
a few fields have had sufficiently heavy 
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Fic. 7 Bait tests in quarter-acre plots in alfalfa, 
Wadsworth Farm, 1939 
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Fic. 8.— Bait tests in quarter-acre plots in alfalfa, 
Southwick Farm, 1949 


populations to give significant counts in 
large scale field tests. 

The baits were compared in quarter 
acre field plots in alfalfa on three farms. 
In all three fields there was a heavy 
growth of alfalfa, and the baits received 
quite a severe test. The first applications 
were made between April 24 and 26 and 
repeated weekly. Three applications were 
made on the Wadsworth and Southwick 
Farms and four applications on the 
Crittenden farm. On the Crittenden farm, 
figure 6, the kill was slow with all baits. 
This field was exposed to the cold lake 
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wind which probably accounts for the 
slow rate of kill. In the end all baits ex- 
cept F6 gave a good kill. However, the 
other cob and bran baits gave a slower 
kill than did the standard raisin bait. On 
the Wadsworth farm, figure 7, the raisin 
bait gave a higher kill at the 11-15 day 
interval after baiting but otherwise there 
was little to choose between the bran and 
cob baits except F6 which again gave a 
poor kill. The mortality rate was much 
faster with all baits than on the Critten- 
den farm. On the Southwick farm, figure 
8, F6 gave poor results, and there is 
little to choose between the raisin bait, 
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SKER AND Corn Borer 


bran bait, and the other cob baits. 

SumMaAry.—Although raisin-shorts- 
sodium fluosilicate bait still remains as 
the best bait used in control of the 
alfalfa snout beetle, substitute baits are 
nearly comparable in efficiency. Consider- 
ing cost, ease of spreading and availabil- 
ity of materials, corncob, sugar, soybean 
flour, sodium fluosilicate bait can be 
recommended for the control of this in- 
sect. Bran-sugar-soybean  flour-sodium 
fluosilicate bait compares favorably with 
the corn cob bait except for the fact that 
it is more difficult to mix and to spread 
in the wind. 
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Effect of the Mechanical 


The influence of the mechanical husker 
on European corn borer control has not 
been a matter of primary concern in Ohio. 
With the increased knowledge of the re- 
lationships between the European corn 
borer and its environment there has been 
a decreased emphasis on mechanical 
measures of control. For example, it was 
once assumed that the corn borer would 
be a serious pest over the entire state of 
Ohio. This hypothesis was discarded. It 
was next assumed that the borer would 
be serious only in the limestone areas of 
the state. There followed in rapid sue- 
cession a number of hypotheses, each of 
which contained truth but all of 
which have been replaced or modified. 
Qur present hypothesis is that the areas 
in Which the borer can be a really serious 
pest in Ohio constitute only a relatively 
small part of the total corn-growing area 
in the State and that they are sharply 
defined and = characteristically marked. 
Better than ever before we now know 
where our attack must be concentrated, 
and because we know this we can be 
more selective in our choice of means of 
offense. Mechanical are not 


some 


measures 


first choices. 

Ecological studies together with experi- 
mental data and actual farm experience 
covering the period from 1923 to the 
present all show that in our present farm 


Ilusker in Corn 


The strawberry root weevil with notes on other insects affecting strawberries. 


Borer Control 
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economy we can most easily live with the 
borer through the use of certain corn hy- 
brids instead of the open-pollinated 
strains which had to be used 20 years 
ago. In some areas, rather limited in 
scope, a slight adjustment of planting 
date is necessary. It now appears, how- 
ever, that with the attempt to develop 
hybrids for specific areas and for specific 
purposes we may ultimately expect prac- 
tically to eliminate emphasis on adjusted 
planting date even as we have long since 
ceased to advocate special cleanup 
measures. 

All this is not to say, however, that 
clean farming practices are to be con- 
sidered lightly. It is still true that dead 
borers produce no progeny. If the me- 
chanical husker is directly or indirectly 
responsible for greater or lesser over- 
wintering populations, we should at least 
know the facts, whether or not the pres- 
ent farm economy warrants our doing 
anything with or because of these facts. 
To this end a study was made of two 
western Ohio counties which include parts 
of the optimum corn borer area in which 
the mechanical husker has found much 
favor. 

Hancock County in 1938 picked about 
8 per cent of its total corn acreage. The 
remaining 92 per cent was cut and 
shocked. Most of the picked acreage was 
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disked and sown to oats. In 1939, 50 per 
cent was picked and 50 per cent cut and 
shocked. There is, then, approximately 
#2 per cent now picked that was forme rly 
cut. This represents a tremendous change 
in farm management. Although not much 
more than one-half of this total acreage 
picked was harvested with mechanical 
huskers, it is a fair assumption that the 
advent of mechanical huskers was an im- 
portant cause of the change in manage- 
ment. Granting the correctness of this 
assumption, our problem then is to deter- 
mine to what extent the change in farm 
practice has influenced the number of 
moths that will emerge next year. Out of 
a number of questions that might be 
asked, two questions present themselves 
for answer. 

The first question is, does a mechanical 
husker kill or injure, directly or indirectly, 
a significant number of larvae during the 
husking process? That the process results 
in some fatalities is certain. Such inade- 
quate data as are available, however, do 
not indicate a mortality of any great 
importance. 

The second and more important ques- 
tion is, what becomes of the 42 per cent 
additional acres of standing or mutilated 
stalks? Next year, in Hancock County, 
it is estimated that considerably more 
than one-half of the 42 per cent formerly 
cut and shocked but now picked will be 
plowed and planted to soybeans. Because 
an average job of plowing under standing 
stalks is the equivalent of an average job 
of cutting as far as destruction of borers 
is concerned, the present practice of plow- 
ing will cancel the former practice of cut- 
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ting. Most of the remaining standing 
stalks, perhaps 15 to 18 per cent, will be 
disked and the land sown to oats. Since 
the efficiency of disking as a cleanup 
measure as ordinarily done is about 50 
per cent less than that of cutting, we must 
conclude that in this county, other fae- 
tors being equal, there will be a greater 
number of emerging moths next year. 

Mechanical huskers, however, have not 
equally affected the total acreage of 
picked corn in all optimum corn borer 
areas. For example, in Van Wert County, 
although mechanical huskers are used, 
there has been only a slight increase in 
the total acreage of picked corn. In such 
cases it would appear safe to assume that 
the husker is not an important factor in- 
fluencing the number of moths that may 
be expected to emerge next spring. On 
the other hand, and quite independent of 
the influence of the mechanical husker, 
the tremendous increase in soybean acre- 
age will result in a greater tendency to 
plow under stalks that formerly were 
disked only. 

SummMary.—When these two facts are 
considered, it seems apparent, first, that 
the areas where the borer will likely re- 
main the greatest problem are rather 
limited in size as compared with the total 
corn-growing area in the state and that 
in these areas we have managed to grow 
corn without emphasis on mechanical 
measures; and second, that there is no 
evidence that the mechanical husker has 
directly or indirectly played a leading role 
in increasing moth population, it would 
appear that we can have no entomologi- 
cal objection to this machine. —1-6-40. 


i ffects of Substitute Crops and Rotations on 
Wireworm Control 


W. C. Nerries, Clemson ( 


During 1988 when the most serious 
wireworm damage occurred in South 
Carolina, it became necessary for the Ex- 
tension Service to devote a considerable 
portion of various specialists’ and county 
time to the problem. That this 
justifiable is easily under- 
one surveys the extensive 
Coastal section of South 
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emphasis is 
stood when 
area in the 


Carolina infested or subject to infestation 
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by this insect. Most serious damage was 
inflicted to cotton and corn, though Irish 
potatoes and tobacco were also damaged. 
(Another wireworm other than the sand 
wireworm is also a factor in tobacco grow- 
ing on some other soils.) 

Many farmers had in a way solved the 
wireworm problem by owning twice as 
much tillable land as they cultivated 
during any one year. On about one half 
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of this land weeds were allowed to grow 
and the other half was cultivated. In or- 
der to obtain AAA payments for planting 
legumes, some of these farmers planted 
cow peas on the land which normally 
grew weeds. Farmers and agricultural 
leaders of that section felt that it was 
because of this change in farm practice 
that the serious wireworm outbreak of 
1938 occurred. All available information 
indicated that the addition of this and 
other legumes would enrich the soil and 
make larger crops possible. But, on the 
contrary, complete crop failure frequently 
followed a crop of cow peas and certain 
other crops. During this outbreak many 
agricultural authorities representing nu- 
merous agencies visited the area, studied 
the problem, and agreed that this was a 
problem which should be approached by 
the demonstrational method and thus 
apply what had been discovered by vari- 
ious workers during the past 30 years of 
study and observation. 

SEVERAL ContTroL Practices NECEs- 
sary.—Demonstrations were begun de- 
signed not to show primarily the effect 
of any single control practice but to 
concentrate on one area the several con- 
trol practices which are necessary. From 
an educational standpoint one of the 
difficulties which must be overcome is to 
teach the farmers that a number of 
practices are linked together and must 
all operate in order to secure the best 
results. The most important factors in 
this chain are rotation, resistant crops, 
land resting, increased soil fertility and 
humus, and, with certain specialized 
crops, the regulation of planting dates. 

SUBSTITUTE Crops.—Substitute crops 
will unquestionably aid in the solution of 
the problem. It now appears that substi- 
tute crops will be important, 1. In sup- 
plying a portion of the grain, 2. In fur- 
nishing legumes which will not increase 
wireworm infestations but at the same 
time permit soil building. 

Long time demonstrations showed that 
the same fields which produced less than 
a bushel of corn per acre during 1938 pro- 
duced an average estimated oats yield of 
24 bushels during 1939. The maximum 
oats production was 65 bushels per acre 
on a farm where wireworm damage was 
complete last year. Another farmer pro- 
duced a fair yield of wheat (estimated at 
16 bushels) on a field where corn was de- 
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stroyed by wireworms during 1938. Still 
another farmer found that two acres of 
oats on infested soil furnished winter 
grazing for two sows and ten pigs. All 
the demonstrators were pleased with the 
oats yields in comparison with the pre- 
vious corn yield, although most believed 
that the small grain yields could have 
been materially increased by more careful 
attention to such factors as liming, ferti- 
lization, and time of planting. 

Demonstration results on the effects of 
substitute legume crops will not be avail- 
able until a year from now, but all indi- 
‘ations are that Crotalaria spectabilis and 
velvet beans may be grown successfully 
in a rotation and planted as a nurse crop 
for oats. They will be substituted for cow 
peas or soybeans which are so generally 
grown in the Coastal section for forage 
and soil building following small grain. 
The shortage of forage resulting from a 
reduction in the growth of cow peas is 
still one of the problems yet to be com- 
pletely solved. However, kudzu or mix- 
tures of oats and vetch are being tried 
by some farmers and offer considerable 
promise of supplying a suitable hay. 

Observations during the fall of 1939 
indicated that the best legume growth on 
the demonstrations was made by cro- 
talaria. Velvet beans made satisfactory 
growth until the velvet bean caterpillar 
attacked them. Neither of these legumes 
showed any apparent injury from wire- 
worms. 

Rotations.—Rotations are so im- 
portant to wireworm control that it is 
the belief of this writer that more definite 
results can be shown on wireworm rota- 
tions with various substitute crops than 
with any other factor and on any other 
type of soil in South Carolina. Rotations 
can be of inestimable value in wireworm 
control especially where the substitute 
crops and other of the essential control 
practices are brought to bear on the same 
area of land. Several rotations have been 
suggested by research workers on the 
wireworm problem, but it should be 
borne in mind that no one rotation plan 
will suit all farmers. The fundamental 
principles should be kept in mind, and 
farmers with the aid of county agents 
will be able to work out satisfactory ro- 
tations. Probably a two-year rotation will 
suit most farmers in the area. The effects 
of rotations on the demonstrations should 
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be apparent during the summer of 1940 
when some of the farmers are planning 
to plant cotton, and some are planning 
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to plant corn following the crops of small 
grain and resistant legumes of 1939, 
2-21-40. 


Kffect of Wheat Harvesting Machinery on Insect Control 


The evolution of small grain harvest- 
ing machinery in the north-central states 
has been from, grain binder to header, 
to combine harvester and thresher. The 
header has not been used to any extent 
east of the Missouri River and now has 
given way to the combine in Kansas and 
other western grain fields where it was 
formerly used. In east of the 
Mississippi River, the small combine has 
made rapid progress. Ohio now has over 
3,000 combines in and in some 
counties as much as half of the wheat is 
harvested by the small combine. The 
same is probably true of Indiana and 
Illinois. 

While the combine harvester and 
thresher has long been used in the drier 
sections of the West its use in the soft 
wheat belt of the East is attended with 
considerable risk of losses from inability 
to gather lodged grain and poor cleaning 
of the wheat due to weed growth, which 
occurs in wet seasons. During most sea- 
sons the practice of cutting wheat with 
the binder and curing it in the shock 
usually results in so reducing the moisture 
content of the grain as to render it satis- 
factory for storage in farm and elevator 
bins. On the other hand, 
grain harvested by the combine is quite 
high in moisture content and stored under 
conditions favorable to stored grain insect 


states 


use, 


In some seasons, 


pests. 

Further to complicate the problem has 
come the sealing of small grain held in 
farm storage under the program of the 
Commodity Credit Corporation of the 
Agricultural Adjustment Administration. 
This frequently results in damage from 
weevils before the sealed grain is finally 
released for market. Aside from the high 
moisture content and increased = grain 
weevil damage we find the coming of the 
combine is promoting damage from 
several other serious wheat insects. The 


two chief reasons why the combine plays 
into the hands of these insects are high 
cutting of stubble, and delayed cutting 


Parks, Ohio State University 


waiting for the grain to be in condition 
for threshing and storing. Higher cutting 
promotes the welfare of three species of 
jointworms present in Ohio, and of one 
present generally over the north-central 
states. Allowing the wheat to stand until 
it is thoroughly mature and the grain is 
sufficiently hardened, accentuates losses 
from the hessian fly, Phytophaga destrue- 
tor Say., and the wheat stem = saw- 
fly, Trachelus tabidus Fab. The latter is 
quite common in 12 counties of north- 
eastern Ohio. The reason for this is the 
day by day lodging of stems as a result 
of the work of two insects, The 
longer the wheat is allowed to remain 
standing at maturity the greater the 
number of heads which fall to the ground 
and are not harvested by the reaper. In 
the case of the wheat stem sawfly this 
becomes very important when the insect 
is abundant. With the hessian fly the loss 
is considerable. 

Delayed cutting to insure maturity, so 
necessary where combines are used, also 


these 


in some vears involves risk of losses from 
grasshoppers in the Great Plain states, 
where more than one farmer has suffered 
from serious clipping of heads by grass- 
hoppers feeding on the last remaining 
green portion of the stem just beneath 
the head at ripening time. Some farmers 
have found it revert to 
binders to save some of this wheat before 


necessary to 


grasshopper damage becomes too  seri- 
ous; the same is true to a smaller extent 
of armyworm feeding. However, army- 
worms rarely become abundant enough 
in wheat to cause losses as great as those 
attributed to grasshoppers. In harley and 
rye, armyworms are more likely to do 
this type of damage for the reason that 
the worms seem to be more abundant in 
those crops. 

From the standpoint of leaving the 
straw in the field, the combines are known 
to make conditions favorable for stable- 
fly, Stomorys calcitrans L., development. 
While this insect is not a pest of grain, 
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it is of great importance to cattle raisers 
and dairymen. Leaving the straw in the 
field also makes conditions more favor- 
able for the wheat straw worm, Harmolita 
grandis (Riley), the first generation of 
which is wingless and cannot return to 
grain fields where straw has been hauled 
from the field and threshed in barn lots, 
or some distance from volunteer wheat. 


Table 1.—Effect of change from binder to combine on losses from insects. 
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The same is true of the wheat midge, 
Thecodiplosis mosellana Gehin, in the 
Kast. 

In the case of the Angoumois grain 
moth, Sitotroga cerealella (Olivier), which 
is quite a pest of wheat that is cut with 
the binder and stacked, or stored in the 
barns to be threshed in the winter, com- 
bining is an aid to control. This is due 





DECREASES INCREASES 


Risk OF No Risk oF 
Loss CHANGE Loss 

Hessian fly Phytophaga destructor Say. x 
Chinch bug Blissus le ucopterus Say. x 
Joint worm Harmolita tritict Fitch x 
straw worm Harmolita grandis Riley x 
Wheat sheath-worm Harmolita raginicola Doane x 
Wheat stem sawfly Trachelus tabidus Fab. x 
Grasshoppers Locustidae x 
Armvworms Curphis unipuncta Haw. x 
Green bug Toroptera graminum Rondani x 
Stored grain weevils x 
Stable fly Stomorus caleitrans Linne x 
Wheat midge Thecodiplosis mosellana Gehin Xx 
Angoumois grain moth Nitotroga cerealella Olivier x 

Total l 8 9 





Thus we have the changes in handling 
of the straw, the increase in height of cut- 
ting, and delay in cutting the ripening 
grain playing into the hands of nine farm 
insects. In the wheat 
straw worm, two of these methods aid it. 
Of two small grain the 
chinch bug, Blissus leucopterus Say, and 
the 
Rondami, manner of harvesting has ap- 
parently no effect upon their welfare. 


the case of one, 


SCTIOUS pests, 


green bug, Toxo pte rasgraminum 


to the fact that little time is given this 
insect to infest wheat between the har- 
vesting and storing. However, combines 
have not yet taken over the harvesting 
of much grain in the area where the 
Angoumois grain moth is abundant. 

Of the total number of small grain 
insects considered, the score stands: nine 
insects promoted by the combine, one 
repressed by it, and three apparently not 
affected.— 2-21-40. 


Effect of Idle Land l pon Grasshopper Populations * 


FP. Gray Burcuer, Extension Entomologist, 

Idle land has become the subject. of 
much discussion in connection with re- 
cent grasshopper experiences in_ the 
Northern Great) Plains area. Various 
types of idle land must be recognized in 
relation to grasshopper infestations be- 
cause their influence may be in direct 
opposition to each other. For the purpose 
of this discussion, idle land may be con- 


° Approved for publeation b the 
Dakota Agricultural ¢ 


Director of the North 


ollege Extension Ser 


North Dakota 


{yricultural College, Fargo, North Dakota 

sidered under the following headings: 
summer fallow, or normal crop land not 
currently in crop production; abandoned 
land, or former crop land definitely out 
of crop production because of neglect, 
curtailment of farming operations or 
other reasons, and reverted land, or land 
once cultivated and now in a process of 
reverting back to native range grasses. 
Frequently the dividing line between 
these classifications may be indistinct. 
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Under North Dakota conditions, sum- 
mer fallow of fields is a generally followed 
and approved agronomic practice. Under 
proper management, such fields can be 
an important attribute to a grasshopper 
control program. Clean summer fallow 
fields can provide definite areas free of 
grasshopper eggs and assist farm opera- 
tors in obtaining grasshopper free areas 
for seeding of crops most susceptible to 
grasshopper injury. With careful atten- 
tion to timing and type of fallow opera- 
tions, heavy grasshopper egg infestations 
can be prevented, or even destroyed, thus 
materially reducing the amount of other 
control work necessary during the baiting 
season. 

Agricultural conditions of recent years 
and recently adopted agricultural prac- 
tices have greatly increased the amount 
of abandoned and reverted land in cer- 
tain areas. Thus, in North Dakota, in 
1938, there were more than four million 
acres of idle crop-land listed among farms 
participating in the Agricultural Adjust- 
ment Program. This amounts to nearly 
eighteen per cent of the total crop land 
acreage of the state. This abandonment 
has occurred along with our extensive out- 
breaks of grasshoppers of recent years, so 
it is natural to suspect that the two facts 
might represent a “cause and effect” rela- 


tionship. —— farm operators it is 
generally believed that the extensive 


acreage of idle fields is largely re sponsible 
for the continued trouble they are experi- 
encing from grasshopper depredations. 

In general, there appears to be no ques- 
tion about the fact that abandoned fields 
which have been out of cultivation for a 
short period of years do furnish satis- 
factory, or frequently ideal conditions for 
egg de position for such species as Melano- 
plus mMeELTICANUS M1 ricanus (Saussure ) and 
those of similar habits. However, after 
these fields have been unmolested by 
cultivation for a period of several years, 
we usually find a soil condition and vege- 
tative cover condition which is not con- 
ducive to extensive egg laying by these 
species. With heavy weed growth each 
year, there is frequently a considerable 
amount of vegetative trash on the soil 
surface, and also a more complete shade 
covering with a reduction of sunny ex- 


posed locations. These conditions tend to 
make non-attractive oviposition grounds 
for these crop attacking species. The soil 
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surface gradually becomes more firm so 
that it is not so favorable for egg laying. 
At this stage, especially as native grass 
clumps begin to become established, these 
areas, particularly along the margins, may 
become very favorable locations for ovi- 
position of such forms as M. differentialis 
(Thomas) and M. bivittatus (Say). 

The true reverted fields in’ which 
native grasses are becoming well estab- 
lished are usually less favorable for egg 
deposition by the typical crop destroying 
species of grasshoppers. However, if such 
fields are heavily stocked and overgrazed 
by livestock, or by grasshoppers, they 
may receive very heavy infestations of 
grasshopper eggs. In North Dakota dur- 
ing the 1938 season, such fields were fre- 
quently observed to be almost uniformly 
infested with very heavy grasshopper 
populations. Following the much more 
favorable range conditions during the 
1938 season, we found that these same 
fields seemed to be relatively lightly in- 
fested in 1939. 

One of the most serious relationships 
existing between idle land and grass- 
hopper populations is the effect upon 
farm operators. The farm operator en- 
thusiasm and participation, which is so 
necessary in order to obtain a complete 
community organization prior to control 
activities, is much more difficult to ob- 
tain in areas containing large acreages of 
idle and abandoned land. In such areas, 
farm operators are inclined to use the 
presence of these idle lands as an excuse 
for their non-participation in the prelimi- 
nary organization of the control program. 
Experience has adequately demonstrated 
that actual control activities must be 
preceded by extensive educational and 
organizational activities. In idle land 
areas, this organization work is much 
more difficult, and farm operators are 
prone to postpone plans for essential 
grasshopper control operations —_ such 
activities are forced upon them by the 
immediate presence of large numbers of 
these pests. 

In the more severely grasshopper in- 
fested idle land areas, with corresponding 
low populations of farm operators, it 
appears to have been demonstrated that 
this situation may be a justifiable excuse 
for non-participation in a control pro- 
gram, if the expectation is to obtain 
complete protection against grasshopper 
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damage to crops. However, I believe 
abundant experiences of recent years have 
adequately demonstrated that a_ well 
planned control program, embracing the 
participation of the majority of farm 
operators, has returned large dividends 
in the protection of feed or forage crops 
and a portion of the small grain crop. 
This assumption is based largely upon 
personal observations and visits with 
various individuals. However, it is at 
least partially substantiated by returns 
from farmer questionnaires regarding 
grasshopper control work which have 
been sent out by many county agents 
in North Dakota in recent years. Follow- 
ing the 1938 control program, question- 
naires returned by approximately 4000 
farm operators recognized “uncultivated 
land” as one of the most common places 
on which grasshoppers hatched, but over 
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80 per cent of them found the control 
activities effective in killing the young 
grasshoppers. 

Successful grasshopper control work is 
certainly more difficult to obtain in areas 
with extensive acreages of abandoned 
land, however, it should not be considered 
as a hopeless task. Additional demonstra- 
tions and educational work to provide the 
initiation of control effort early in the 
season is indicated. The adjustment of 
such abandoned acres to a more standard- 
ized status would appear desirable. These 
procedures, along with a more extensive 
adoption of farm management principles 
embodying all possible means of reducing 
grasshopper population potentialities, will 
doubtless provide a satisfactory basis for 
meeting the grasshopper control problem 
as a regular part of any crop production 
program.— 2-21-40. 


The Effect of Color of Hive Covers upon the ‘Temperature 


within 


A. V. Mircnener,* 


Every beekeeper knows that on certain 
days in the summer when it is very hot, 
honeybees cluster at the entrances to the 
hives and by fanning the air with their 
Wings set up air currents in an attempt 
to lower the temperature within the hives. 
\n attempt was made during the sum- 
mers of 19387, 1988 and 1939 in the De- 
partment of Entomology, The Univer- 
sity of Manitoba, Winnipeg, Manitoba, 
to determine the effect of different colored 
hive covers upon the temperature within 
the hive bodies. 

The Centigrade thermometers used for 
taking the temperature readings were all 
compared at temperatures approximating 
19 degrees, 28 degrees, 35.5 degrees and 
#2 degrees. At each of these readings all 
thermometers checked to within one- 
tenth of one degree of each other. Eight- 
een new insulated hive covers were ob- 
tained from F. J. Wellwood and Co., Ltd., 
Winnipeg. These were made of wood, 
covered on top with galvanized sheet 
metal and insulated with approximately 


* The wishes to acknowledge the assistance of Messrs 
R. R. be R. R. Forrester and A. J. Thorsteinson, student 
sistant 1938 and 1939 respectively, who 


in the vears 1987 


ature readings within the empty hive 


the 


The Unive rsity of Manitoba, Winni pe g 


Llive 


three-quarters of an inch of British Co- 
lumbia white pine shavings. Empty hive 
bodies, painted white, were placed upon 
bottom boards which in turn were placed 
upon ordinary wooden hive stands. Both 
bottom boards and hive stands were also 
painted white. The hives were lined up in 
a row in the sun, facing approximately 
south-east. The entrances were all alike. 
A small hole, slightly larger than the di- 
ameter of the thermometers used, was 
bored in the center of the north-west end 
of each hive body. The hive bodies were 
evenly spaced in the row and at each end 
of the row there was an extra guard hive 
body in which no readings were taken. 
The unpainted covers were placed on the 
hive bodies in the sun. Many series of 
temperatures were taken before six hive 
covers having relatively the same insulat- 
ing capacity were selected for the experi- 
ment. This part of the work was done in 
1937. 

The six selected unpainted covers were 
placed on hives and hive temperatures 


were taken at fifteen minute intervals 


from 8:15 a.m. until 4:30 p.m. on August 
23, 1938. The average temperature, for 
each hive body covered by one of these 
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tops, taken at fifteen minute intervals 
from 11:00 a.m. until 3:00 p.m. of that 
day was determined and the variation of 
each from the mean of all was taken into 
consideration in arriving at the respective 
temperature readings below. The hive 
covers were then given one coat of paint, 

Table 1.—Average temperature in degrees 
Fahrenheit within the hive body for readings 


taken at 15 minute intervals from 11:00 A.M. to 
3:00 P.M. inclusive. 





Ave. 24 Ar 27, Jvunvy il, Jury 12 


Date 1988 1938 19389 1939 
Number of Readings 16° 16° 16* 17 
Shade Te mperature 75.9 SYS ow.4 O61 
Gloss White Paint 91.2 04.7 102.8 107.0 
Flat White Paint ow .4 4.6 103.7 108.1 
Aluminum Paint 95.4 09.6 105.7 109.4 
Canary Yellow Paint o4.0 99.0 106.9 110.9 
Gloss Black Paint OS .4 102.8 110.1 113.9 
Unpainted Galvanized 99.0 103.5 108.4 113.8 





One coat of paint on tops 

> Noreading taken at 12:45 Pp. 

* No reading taken at 12:00 noor 
the colors being indicated in the table 
below. The readings for August 24, 1938 
were under covers given one coat only. 
The covers had received two 
paint when the readings were taken on 
August 27, 1938. In all instances the bulb 
of each thermometer thrust into 
approximately the center of the empty 
hive body. None of these hive bodies con- 
tained either frames or honeybees. 

The remainder of the temperature 
readings were taken on July llth and 
12th, 1939. The latter being the hottest 
day of the summer. There were two coats 
of paint on the covers in 1939. First 
grade paint was used on all covers. 

Although we began to take tempera- 
tures at around nine o'clock each morning 
the temperatures selected for the table 
below were those taken between 11:00 
4M. and 3:00 p.m. which included the 
hottest hours of the day. The temperature 
in each hive between hours Was 
recorded at intervals of fifteen minutes 
and the average for all readings is stated 
in the tables below. All Centigrade read- 
ings are shown in Fahrenheit degrees in 
the tables. 

On July 12, 1939 at 2:30 p.m. the shade 
ther- 


coats of 


Wis 


those 


temperature was 97.5 degrees. A 
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mometer was laid on the top of each hive 
cover which had been heated by the blaz- 
ing sun for several hours. The bulb of the 
thermometer was in contact with the 
middle of the top in each instance. The 
following temperatures were recorded: 
Flat White Paint 122.0 degrees 
Gloss White Paint 124 
Aluminum Paint 131.0 deyvrees 
Canary Yellow Paint 1] 
141 
| 


degrees 


9 degrees 
S degrees 
0 degrees. 


Black Gloss Paint 
Unpainted Galvanized 


) 
} 
i 

At approximately the same hour of the 
same day a thermometer was inserted 
through a small hole in the end of the 
center hive body of a colony of honeybees, 
housed in three hive bodies, so that the 
bulb of the thermometer was near the 
center of the inside of the hive. In about 
twenty minutes the temperature within 
the hive was recorded at 99.1 
This colony stood in the shade or nearly 
so and was topped with a cover painted 
white. When the temperature on the out- 
side of the cover was taken it stood at 


degrees. 


Table 2.—Hottest temperature reading within 
each hive during the day. 








\ 24.” A 27, Juty Il, Jury le 

Dare 1983S 1838 }as9o 19389 

Shade Temperature 79.5 a6.7 Oo 8 O87 
Gloss White Paint 03.5 07.3 104.9 108.5 
Flat White Paint a2 .3 07.7 106.4 109.8 
Aluminum Paint O88 105.4 108.1 110.8 
Canary Yellow Paint 6.2 11d 109.5 112.¢ 
Gloss Black Paint 12.2 Line 112.6 115.7 
Unpainted Galvanized 102.7 107.2 iil 115.7 

One coat of paint only on eact! e top 


107.2 degrees. At this time honeybees 
were clustered on the bottom board and 
were fanning. 

CONCLUSIONS. 
vanized metal tops should be painted with 
at least two coats of a good quality white 
paint to aid in reducing the temperature 
within the hives on hot days. Aluminum 
paint absorbs much more of the heat 
from the sun than white paint and should 
not be used with the idea of keeping the 
hives cool. Unpainted hive covers having 
galvanized practically as 
much heat as do those painted black. 
2-16-40. 


Hive covers with gal- 


tops absorb 














Lures and ‘Traps to Control Clothes Moths and 


Carpet 
H.F 


Is it possible to use lures and traps for 
the control of clothes moths and carpet 
beetles? 

After a four-year study of this question, 
the writer believes that enough evidence 
has been secured to answer this question 
in the affirmative. 

Preliminary tests made in 1936 showed 
that clothes moths and carpet beetles 
were attracted into box traps containing 
cloth pads treated with fish meal or an 
aleoholic extract of the same material. 
Later tests showed that any dried animal 
tissue with a strong odor could be used. 
It also has been found that sticky fly rolls 
treated with various animal substances 
can be used to abate clothes moth infes- 
tations to a marked degree. 

In 1987 fly rolls and traps were placed 
in several Madison homes where moths 
had been seen and in every case, moths 
were caught on treated fly rolls and 
clothes moths as well as their larvae were 
attracted into box traps when placed on 
the floors of closets and bedrooms. Carpet 
beetle larvae were also caught in large 
numbers. 

In one home, two treated fly rolls were 
placed inside a piano and a single clothes 
moth was caught. 

In another home where a badly infested 
sweater was found in a store room, two 
treated fly rolls were suspended about six 
feet apart close to where the sweater was 
hanging. The rolls were suspended on the 
morning of August 3 and first examined 
that evening. A record of the cateh and 
dates is shown in table 1. 

A series of tests were also made at the 
entomology building between August 17 
and October 30, 1937. Controlled 
were made in two large rooms, one a 
square, corner room with six windows, 
the other a long narrow inside room with 
three windows at the east end. 

In the first trial, four fly rolls were sus- 
pended in the inside room and two in the 
outer room. Three were suspended from 
the ceiling and three from cabinet tops 
about six feet high. At the same time, a 
single trap containing treated pieces of 
cloth was put into each room and one 
piece of cardboard treated with home- 


tests 





Beetles 


Witson, Dept. Econ. Entomology, University of Wisconsin 


made tanglefoot set on a table in the inner 
room. Fish meal was used as the lure and 
a total of 19 moths liberated, 13 on August 
17 and 6 on August 20. Of the 16 moths 
recovered, only one was found in the outer 
office. The largest number of moths was 
captured on the low coil nearest the point 
the moths were liberated. 

The worn and soiled pieces of wearing 


Table 1.—Results of the use of fly rolls for 
clothes moths and other insects. 





Tribo- 


Plodia 
CLOTHES inter- lium 
D ATE Mot HS puncte lla confusu m 

Aug 3 2 $ 

Aug. 4 2 2 

Aug. 6 ] } 6 
Aug. 10 } 

Aug. 24 0 

Sept. 1 8 0 

12 8 15 





material, including a heavy woolen over- 
coat were placed on a shelf approximately 
t feet from the low coil on which the larg- 
est catch was made. The moths were lib- 
erated beside the clothing and allowed to 
run into the folds or to fly away. A record 
of the recovery and dates of examination 
is given in table 2. 

The rolls were all removed on Septem- 
ber 11 and continuing series of trials 
made to determine the number of moths 
recovered over a series of roll replace- 
ments as all rolls seemed to lose their 
strong odor within two weeks. In table 
$3 a record of the materials used, -and 
moths liberated and recorded is given. 

Tests Mabe 1n 1938.—In 1938, be- 
cause of other work it was not possible to 
follow the work, but six traps, treated 
with fish meal, were tossed into closets 
at home on April 10. 

These were examined on June 20 with 
a rather startling result, as it was not 
known that the house even contained 
carpet beetle larvae. The traps were found 
to contain 59 brown smooth larvae and 
53 tufted larvae and from then until 
August 20, 82 brown, 119 tufted larvae, 
and 22 clothes moth larvae were collected. 
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Table 2.—Results from the use of variously placed fly rolls. 
Con- Tora. 
Dati Hich Low Hien Low H L Trap Caro Trap rkoL Morns 
(Aug. 19 l l 2 
2) l l » 
21 2 } l 0 6 
23 2 t 0 0 l 7 
24 2 6 l 9 
25 g 6 l l 10 
26 2 6 ; l 12 
27 2 6 , l 12 
28 2 6 ; l 12 
30 2 6 } l 12 
31 S 6 12 
Sept l 2 7 ; l 13 
3 2 8 , l 14 
5 2 s , l 14 
i 2 be , l 14 
S sy] i) } l 15 
9 4 10 } l 16 
11 2 10 } l 16 
The observations were again started until March 30, 4 clothes moth larvae 


on February 15, 1939, when a clothes 
moth was seen flying about the house, 
and 13 traps placed in closets. 

These traps were examined February 
20 and 5 half-grown clothes 
moth larvae, 6 larvae, and 14 
smooth brown From that time 


contained 
tufted 
larvae. 


Table 3.—Fish meal, cod liver oil and sardine 
oil to attract clothes moths. 





Cop SAR 
No Fisn ] ER DINE CON Recov- 
Dare Morus Meat On On ROL ERY 

Sept. 11 ‘ 

12 4 4 

1s l l 

14 l 

15 2 

17 

18 ‘ 4 

19 l l 

41) 

7 F 

4 ; 

20 ‘ ‘ 
Oet 2 7 t 

; , l 

" 7 ' 

6 I 

11 ( ‘ 

14 I l l l 

16 I l 

17 ! 

21 7 

5 , ) , ! 


j;0—aiscontinued 





Two additional rolls were added—one with fish meal and one 


with cod liver oil 


2 The old rolls were removed and three new rolls were set in 
the place of the old ones—one ntrol, one with sardine oil and 
one with cod liver ol 

} The old rolls were removed and 8 new rolls suspended—four 

yntrols and four treated with sardine oil 


‘ No moths were caught on these rolls so it was decided to re 


move them and four new rolls were suspended. Ome as a control 
| of the remaining three was treated with fish meal, 
sardine oil and cx All was placed about 6 feet from 


the spot where the moths were liberated. 


und one eact 


xd liver oil 


* Four box traps were added 


and one egg were found, also 18 tufted 
dermestid larvae and 25 brown smooth 
larvae. During April, 9 moths and 64 
eggs were found in box traps and 20 
moths were found on fly rolls hung in 
closets. Up to May 10, 48 clothes moth 
larvae were collected in the traps, 62 
tufted, and 38 smooth brown larvae. 

From May 12 to May 29, 7 tufted, 7 
smooth brown larvae, 21 clothes moth 
larvae, and 2 clothes moths were found 
in traps and 54 clothes moths were caught 
on fly rolls. During May, fly rolls hung 
in homes in Madison caught 157 clothes 
moths and box traps collected 53 clothes 
moth larvae as well as 208 smooth and 
tufted carpet beetle larvae. 

In another home reported to be infested 
with clothes moths, 21 traps were placed 
in 7 closets. A complete record of the col- 
lections from February 20 to October 1 
is shown in table 4. 

In the same home, 165 clothes moths 
were caught on fly rolls in closets from 
April 1S to September 15, 1989. OFf these, 
20 were caught in April, 32 in May, 24 
in June, 24 in July, 36 in August and 29 
in September. 

In the home basement several moths 
were noticed flying about during the 
evening of June 10, 1939. Fourteen fly 
rolls treated as indicated in table 5 were 
suspended from the ceiling extending the 
length of the basement, a distance of 
about forty feet. The source of the infes- 
tation was found to be a sack of dis- 
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carded clothing located near one end and 
opposite to rolls 10 and 11. The larval 
cases showed the species to be the tapestry 
moth. Three untreated controls were 
used, roll 8 directly above the sack of 
clothing and 6 and 14 about six feet on 
either side. The rolls were suspended in 
pairs about six inches apart except rolls 
1 and 8 which were suspended alone. Each 
pair of rolls was 4 to 5 feet from any other 
pair and the closest pairs were 6 feet from 
the sack of clothing. Roll 1 was approxi- 


mately 25 feet from the infested sack. 
Rolls 13 and 14 were about eight feet 


away. The height of the room was 8 feet. 
The rolls were not changed during the 
trial and the figures for each date are ac- 
cumulative, the total being 176 for the 
period. At the time of the next observa- 
tion, the rolls had been removed for a 
basement cleaning and further records 
were not available. 

Additional tests are being made with 
the materials mentioned in this paper to 
determine preferences, if any. Further 
determine to 


studies are necessary to 


Table 4.—Trap collections from February 20 
to October 1, 1939. 





BurraLo 
CLotHoes CLoTHes Carp BLAck 
Crornes Morn Morn Beerie CARPET 
Dare—1989 Morus Eacs Lanvae® Larvae Beerur 
| 0 ‘ if 
rs | 
Ma l l l 
Ap I I 
; l 6 ‘ 
if 2 
17 t 
1s l 
TT l l 
a] J 
r l 
+4 " 
rs 1s 
+ ‘ 
22 l 
M 
l 
‘ ‘ 
l l 
Ww 4 
It 4 
N 4 
June ; ) } 
7 ; | , 
Ju ll 0 20 1s 
I 4 l 
i ) 28 l 
Au l 
Sept 
Oct I 
I il ] 5 ’ 15 li¢ 





Witson: Trappinc CLotues Morus anp Carpet BEetLes 





Table 5.—Tapestry moths caught on fly rolls 
in the home basement between June 11, and 
October 5, 1939. 





June Jury Sept. 
11 13 15 Oct. 5 
1 Fish meal l l 2 2 
2 Cod liver oil 1 l l l 
3 Sardine oil l 8 t 4 
4 Fish meal l 3 4 4 
5 Meat scraps I 6 6 6 
6 Control l l 7 7 
7 Cod liver oil Q 11 12 13 
8 Control 6 13 15 15 
9 Fish meal 5 11 17 17 
10 Meat scraps 21 28 29 31 
11 Fish meal 16 21 23 23 
12 Sardine oil 16 18 23 23 
13 Sardine oil 3 22 23 24 
14 Control l 4 5 6 


76 141 171 176 





what extent clothes moths may be present 
in a home without causing damage to 
clothing. 

A large number of the clothes moth 
larvae attracted into traps over the period 
of study were from one-quarter to nearly 
full-grown which indicated that the larvae 
were probably feeding on the lint in 
crevices between the floor boards. There 
is little question but that most of the 
carpet beetle larvae came out of such 
crevices because in some closets where 
larvae were caught no woolen goods were 
present. 

The number of larvae caught in differ- 
ent homes varied directly with the condi- 
tion of the floors even in recently built 
homes. If the floor boards were tight, not 
many larvae appeared. If the crevices 
were wide enough to hold heavy accumu- 
lations of lint, the larvae were numerous 
and in one home where the lint was closely 
packed, numerous tunnels made by the 
larvae were observed. 

Summary.—The observations reported 
in this paper demonstrate that clothes 
moths and carpet beetles can be lured by 
bait materials and that fairly heavy in- 
festations can be reduced beneficially. 

A series of experiments show that large 
numbers of adult clothes moths can be 
caught on baited fly rolls and that carpet 
beetle and clothes moth larvae can be 
lured into baited traps laid on the floor. 

It was also found that clothes moths 
were attracted to such traps and laid eggs 
on the cloth pads contained in the traps. 

1-29-40. 











Insect Activity at a Light Trap During Various Periods 
of the Night 


( ollege, Mississippi 


Ross E. Hutrcntns, State 


Of recent years considerable interest 
has been shown in various types of light 
traps for the capture of insects and espe- 
cially for moths. As far as can be deter- 
mined little work has been done to deter- 
mine the activity or abundance of insects 
at various periods during the night. This 
has no doubt been due to the lack of a 
dependable apparatus for capturing in- 
sects. Such a trap has been perfected by 
the writer and will be described later. 
Observations have been made by Eyer 





Fic. 1 The Time Trap used. Motive power to ro- 
tate the jars is furnished by a weight on a string 
attached to a 3-inch pulley beneath the turn-table 


1937) on the catches of codling moths at 
a combination mercury vapor light and 
bait trap during various periods of the 
night. He concluded that 60 to 70 per cent 
of the moths were attracted to the traps 
between sunset and twilight, 10 per cent 
during the darker hours of the night and 
15 to 20 per cent at sunrise. Hamilton 
and Steiner (1939) conducted trap in- 
vestigations on codling moths in southern 
Indiana during 1984 and 1935) which 
showed that $5 per cent of the moths cap- 
tured at a light trap entered before 
10:30 o'clock. 

Tue Trap.—The trap used in the ob- 
servations consisted of a turn-table carry- 
ing six jars which rotated so that succes- 
sive jars were brought directly under a 
large 10 inch funnel above which was 
secured a socket carrying a 200 watt 
frosted Mazda light bulb. A hole was cut 


in the metal lids of the jars and small 
tin funnels were soldered in these holes 
flush with the tops of the lids. This de- 
creased the possibility of escape of cap- 
tured insects. The timing mechanism con- 
sisted of an alarm clock having an exten- 
sion soldered to the hour hand which 
made an electrical contact every two 
hours. Back of the clock was placed a 
transformer (not seen in the plate) which 
reduced the current to six volts. When the 
hour hand made contact, an electromag- 
net drew a catch which had engaged a 
metal peg in the edge of the turn-table 
allowing it to rotate until the next peg 
was engaged. Since the hour hand of the 
clock moved slowly its contact remained 
for several minutes, therefore it was nee- 
essary to place ano arm on top of the 
turn-table spindle making contact with 
six contacts. This arm and its contacts 
were included in the cireuit so that when 
the clock made contact the electromagnet 
would disengage the catch allowing the 
turn-table and jars to rotate. As the turn- 
table rotated the arm on top of the spindle 
broke contact allowing the catch to en- 
gage the next peg on the edge of the turn- 
table. At the next contact of the hour 
hand the 8 9 wy Was repe: ated. Six 
jars were used, but since one jar received 
the insects captured between 3 and 7 
o clock both night and morning its con- 
tents were discarded. In this way the 
period from 7 p.m. to 5 a.m. o'clock was 
covered hy the trap and these are approxi- 
Table 1.—The total numbers of the major 
groups taken at the trap at the various periods. 
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mately the summer hours of darkness at 
this latitude. Carbon disulphide was used 
as the killing agent. The trap was oper- 
ated in a small elevated house about a 
yard square having one side open and 
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Table 2.—Total Noctuidae captured. 
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Tarachidia semiflara Gn 0 2 l 
Spraqueta leo Gn. 12 1S 5 
Plus odonta com pressipalpis Gn 5 0 6 
Ogdoconta cinereola Gn 2 $ 0 
Prodenia ornithogalli Gn 2 0 } 
Nanthoptera nigrofimbra Gu 11] 25 10 
Galgula partita Gn t 5 6 
Plathypena scabra Fabr 5 9 l 
Miscellaneous Noctuidae iS | 22 

Total 84 78 82 
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75 131 48 288 77 238 55 
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covered with chicken wire. It had a slop- 
ing roof and was painted white inside to 
increase light reflection. 

Metrnops.— The data included here are 
for 25 nights between March 6 and August 
$1, 1989 during which a total of 65,018 
insects were captured. Due to lack of 
time it was not possible to record all in- 
sects to species, or even to families in 
most \ system of counting large 
numbers of small insects similar to that 
used for counting plate cultures of bac- 
teria The to be 
counted were placed in a petri dish be- 
neath which was a chart dividing the dish 
into eight sectors. The insects were jarred 
about until evenly distributed and then 
all those over one sector were removed 
and counted and the total caleulated 
mathematically. This greatly facilitated 
the work of counting large numbers of 


Cascs. 


was devised. insects 


small insects and was found to be very 
accurate. 

Temperature records were obtained 
from a thermograph operated a_ short 
distance from the trap. 

CoLeorrera.— The Coleoptera ap- 
peared to be a rather stable group, tend- 
ing to decrease their activity gradually 
throughout the night. Thus they followed 
the gradual fall of temperature during the 
night more closely than any other group 
studied. An exception to this generaliza- 
tion was noted on the night of May 31 
when they were entirely absent from the 
catch betweent9 and 11 o’clock. Between 
7 and 9 o'clock 384 beetles were captured 
and 192 were taken between 11 and 1 


o’el wk. 


\ possible explanation of this 
occurrence is found in the temperature 


records. On this night the air temperature 
dropped from an average of 72 degrees 
between 7 and 9 o’clock to 70 degrees 
during the 9 to 11 o’clock period when 
no Coleoptera were taken. After 11 0’clock 
there was a two degree rise in temperature 
and more beetles were captured. A large 
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the various groups in the total catch varied during 
the night. 


majority of the Coleoptera taken in all 
catches were small Scarabaeidae. 

A small number of fireflies, Photuris 
pennsylranica DeG., were captured. Like 
other Coleoptera they showed a tendency 
to decrease in activity during the latter 
half of the night. 

Lepipoprera.—aAll Noctuidae were de- 
termined to species and the sex recorded. 
Data regarding this group is presented 
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in table 2. Only eight species were 
abundant enough to make individual re- 
cording here of their capture worth 
while. The rest are recorded as Miscel- 
laneous Noctuidae. It is of interest to 
note that more Noctuids were captured 
between 1 and 5 o'clock in the morning 
than were taken from 7 to 1 o’clock. The 
largest number for any two hour period 
were taken between 1 and 3 o'clock. It is 
of interest also that the percentage of 
male Noctuidae increased during the 


Fic. 3 Total spec imens of Desmia funeralis Hbn 
captured at various periods of the night. 


night. The percentages of males taken at 
each of the five two-hour periods were as 


follows: 


Tto OPM. 51.8 

to ll pM 52.2 
ll pmM.to Lam 73 

l to > AM 79 

Sto 3AM $1.2 


Only one other species of Lepidoptera, 
besides the Noctuidae, was recorded as 
to species and sex. This was Desmia funer- 
alis Hbn. It will be noted that in this 
case also, the percentage of males in- 
creased during the night. However, there 
was a sudden decrease in males between 
8 and 5 o'clock. 

Contrary to the belief of most workers 
the abundance of Lepidoptera did not 
appear to be correlated with temperature, 
unless the decrease of female activity may 
be considered as such. There appeared, 
however, to be a minimum temperature 
below which all Lepidoptera became inac- 
tive. On April 11 a few Diptera and Lepi- 
doptera were taken in the periods up to 
1 o'clock when the temperature ranged 
from 50 degrees down to 43 degrees. From 
1 to 5 o'clock the temperature remained 
at 48 degrees and no insects were cap- 


Vol. SS No. j 


tured. This is in agreement with the find- 
ings of Dirks (1937) who noted that there 
was little insect activity at a light trap 
when the temperature dropped below 
13 degrees. 

On many nights there appeared to be 
a larger proportion of the larger species of 
moths in the catches between 11 and 3 
o'clock. These were mostly Geometridae. 
This was especially noticeable on the 
nights of May 21 and June 18 which 
were both cloudy. 

A moth, <Acrolophus agrotipennellus 
Grt., was taken occasionally during the 
latter part of the summer, but on the 
night of August 11, 220 specimens were 
taken between 7 and 9 o'clock. None 
were taken between 9 and 1 o'clock, but 
a few specimens, again appeared in the 
catches between 1 and 5 o'clock. 

It is of interest that on two nights, July 
20 and 24, specimens of a_ butterfly, 
Chlorippe celtis Bdv. and Lee., were 
taken. One specimen was taken between 
7 and 9 o’clock each night and one speci- 
men between 9 and 11 o'clock. All three 
were males. 


—yr 
Fic. 4 Total Noctuidae captured at the various 
periods of the night Note that the average tempera- 
ture gradually fell during the night. Male activity 
was greatly accelerated as the night progressed, but 

female activil$ remained more or less constant. 

Diprera.—Numerous species of small 
Diptera were always present in the 
eatches but their period of greatest abun- 
dance was between 1 and 3 o'clock. 

For instance on the night of June 26 
there was a great increase in Diptera 
between 1 and 3 o'clock as follows: 


Tto 9PM. 128 
9 to ll P.M, 128 
ll p.m. to 1AM 200 
es 3a, 768 
Sto 5AM 240 
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The temperature had dropped from 
77 degrees at 8 p.m. to 70 degrees at 2 
4.M. 

On April 24, 140 Drosophila were taken 
during the 11 to 1 o’clock period while 
only a few odd specimens were taken at 
other periods on this night. The tempera- 
ture dropped from 71 degrees at 8 P.M. 
to 68 degrees at 10 p.m., from then on it 
remained at 64 degrees. Thus, tempera- 
ture alone would not seem to account for 
the sudden increase of these insects be- 
tween 11 p.m. and 1 A.M. 

Homorprersa.—About 95 per cent of 
the Homoptera captured were Cicadel- 
lidae, the remainder being Cercopidae. It 
appears that the members of this group 
are typically crepuscular insects since 
their period of greatest abundance was 
from 7 to 11 p.m. The low point was 
reached between 11 p.m. and 1 a.m. with 
a moderate increase in activity between 
$ and 5 a.m. 

HymeNoprers.—Hymenoptera — were 
only moderately abundant at the light 
trap and these were usually confined to 
Ichneumonidae and Braconidae. They 
were present in small numbers in most 
all catches but showed a slight decrease 
during the night. Two other groups of 
Hymenoptera were represented in the col- 
lections. On the night of July 24 there 
were 200 winged sex forms of ants of the 
genus Solenopsis in the catch from 3 to 
5 a.M. None were taken at other periods 
on this night, but on the next night, July 
25, 256 specimens were captured during 
the same period. 

The time trap was located near a small 
apiary and it was surprising to note that 
honey bees appeared in nearly all collee- 
tions during the night even though the 
opening of the trap housing was away 
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from the hives. There was a large increase 
in the number of bees taken between 3 
and 5 a.m. but this is only natural since 
honey bees begin leaving for the field at 
daylight. 

Discussion.—From the above it is evi- 
dent that there is a constant shifting in 
the abundance or activity of insects at a 
light trap during the night. A group or 
species may become extremely active for 
a brief period then suddenly disappear. 
For example, on the night of May 31, 
3&4 Coleoptera were taken between 7 and 
9 o’clock, none between 9 and 11 P.M. 
and 192 again appeared between 11 P.M. 
and 1 a.m. On another night, April 24, 140 
Drosophila were taken during the 11 P.M. 
to 1 a.m. period while only a few specimens 
of these flies were taken at other periods 
of this night. On the other hand, a group 
that is ordinarily active may cease all 
activity for a short period. As an ex- 
ample, Acrolophus agrotipennellus Grote 
became abundant in the catch between 
7 and 9 p.m. on the night of August 11 
when 220 specimens were taken. During 
the following two-hour period none was 
captured, but they again appeared at the 
trap at the later periods. It is interesting 
to observe that in nearly every case the 
abundance of male Lepidoptera at the 
trap increased considerably until 1 a.m. 
and then decreased while female abun- 
dance remained nearly constant. 

It is worthy of note, also, that the pe- 
riod of night between 1 and 3 A.M. ap- 
peared to be the turning point in this lo- 
cality for the activity of nearly all the 
major insect groups studied. At this time 
the peak of activity was reached by both 
Diptera and Lepidoptera, while this pe- 
riod marked the nadir of activity for the 
Homoptera.— 2-14-40. 
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Certain Sucking Insects Causing Injury to Rose 


Fioyp F. Surrn,' [ 


The present paper records miscellane- 
ous observations on the behavior of sev- 
eral species of Homoptera and on the 
injury they do to rose. They were made 
from 1982 to 1935 during the course of 
cooperative investigations conducted by 
Philip Brierly, of the Bureau of Plant 
Industry, and the writer on insect trans- 
mission of mosaic and streak diseases of 
this host. The greater number of species 
collected from grasses, weeds,.and miscel- 
laneous vegetation did not 
as a source of food and died within a rela- 
tively short time without producing off- 
spring or causing injury. Certain species 
of these insects, however, which are usu- 
ally considered as breeding on grasses or 
other vegetation, were found to survive 
for a considerable period on rose plants 


accept rose 


and, in some instances, to accept the rose 
as a favorable host and to lay eggs from 
which nymphs were reared to the adult 


stage. Characteristic injuries to rose 
which might be confused with either 


streak or mosaic and which resulted from 
feeding by each of several species are also 
described in this paper. Table 1) sum- 
marizes the information, for all species 
observed, as to natural 
rose, survival of adults, production of 


occurrence on 


offspring, part of caged rose plant fed 
upon, and injury produced. 

Among the 30 species of Cieadellidae 
confined on rose, 20 species usually died 
within a few days without causing injury 
or producing offspring. The same is true 
of 1 of 2 Cercopidae, 1 of Membracidae, 
2 of Araeopidae, and 1 of Fulgoridae. The 
habits of the 10 exceptional species of the 
family Cieadellidae, 1 of the Cercopidae, 
t of the Aphididae, 2 of the Coccidae, 
and 1 of the order Thysanoptera are set 
forth in the accompanying discussion. 

CicaDELLIDAE.— Adults of Carneoce ph- 
ala flarvice ps Riley collected from Rosa 
multiflora lived for a maximum period of 
#4 days on rose. Although oviposition 
scars were observed on the 
offspring hatched. Adults fed on petioles 


stems, no 


or midveins of lower leaves. Leaflets 
rl writer is indebted to P. W. Mason, Harold Mor 
and P. W. Omar | tification of insects used in tl x 
periments 
\ man pt « I lving tl its su t ition 
as bee I pa 1 but is not t n publis! d. 


S. De partment of Agru ulture 4 Bureau of Entomology and 


Pl int (Juar intine 


beyond the point of feeding of a single 
adult developed yellowing and marginal 
necrosis after about 10 days. The injury 
was localized to exposed shoots, and nor- 
mal new growth developed after removal 
of the insects. The injury was similar to 
that Harris), but 
developed more slowly. The injury has 
not been observed in the field, possibly 
. flariceps is usually found in 
relatively small numbers. This species 
tested by Poos 1929) in his 
leafhopper injury to 


by Em poasca fabae 


because ¢ 


was not 

experiments on 

legumes. 
Adults of 


Say) were collected from Rosa multiflora, 


Draeculace phala molli pes 
manetti rose, and grassy areas. On caged 
roses adults fed on large stems near the 
ground rather than on young terminals or 
foliage and WwW hen contined to single shoots, 
they fed on stem, petiole, or midrib with- 
out causing evident damage. Nymphs were 
reared to the adult stage in about a month. 

Potato leafhopper, fabae, 
known to be injurious to many economic 
plants, was collected in all stages from 
Rosa multiflora and manetti rose. Only 
small numbers could be reared on one sue- 
culent shoot because of the severe injury 
thes produced. Young shoots exposed to 
eight adults for 4+ days le veloped sviip- 
toms that included killing of tips for 
33 inches, wilting of younger leaves, vel- 


Em poasea 


lowing and marginal necrosis of older 
ones, and reddening and thickening of 
veins, and faint necrotic areas on the 
stems (Fig. 1 Normal lateral shoots 


developed on such branches if the insects 
were removed before the branches were 
too badly injured. The svmptoms of tip- 
killing and leaf wilting have been ob- 
served in the field only on young seedlings 
of Rosa multiflora at Arlington Farm. 
Em poasca maliqna Wash Was found 
breeding in large numbers on = rambler 
roses at West Grove, Pa. When caged on 
butterfly roses, adults died if ove rerowded, 
but were reared in small numbers on this 
variety. Both adults and reared nymphs 
caused a coarse type of stippling that 
was seattered over the entire leaf surface. 
Adults of Erythroneura 
lected on rose or apple at Arlington Farm. 
Adults lived as long as 77 days on rose and 


Sp. were col- 
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Table 1.—Habits of 44 species of sucking insects and their injuries on rose. Arlington Farm,Va. 


1932 to 1935. 





Host! rrom 
Wuicnu 


COLLECTED 


Survival of 
collected 
adults 


Hapits on Rose 


Off- 


spring 
reared 


Part fed upon 


Injury 





laneous veyetation Although rose is xg 





curred here only incidentally. 


FAMILY AND SPECIES 
Days 
CICADELLIDAL 
{eeratagallia sanquinolenta (Pro Rose $5 none leaves none 
tyallia constricta Van D Rose $3 to 22 none leaves none 
Balelutha impicta (Van D 9 to 18 none leaf veins none 
Carneocephala flaviceps (Riley Rose + none Petioles; veins yellowing 
Chlorottetix galbanatus Van D 6 none leaves none 
Chlorottetix viridius Van D 4 to 16 none leaves none 
Deitocephatus farwostus Stal 10 none leaves none 
Draeculacephala mollipes (Say Rose: grasses 19 yes stems; leaves none 
Empoasca fabae (Harris Rose: ete 21 yes stems; petioles; yellowing; ne- 
veins cTosis 
FE. maligna (Walsh Rose: apple 12 yes leaves stippling 
Kruyth ura sp Rose 58 to 77 ves leaves stippling 
Fritian urinerris (Stal Rose Sto ls no leaves none 
Gra phoce pt ala coccinea (Forst Rose 40 yes stem none 
G. rersuta (Say Rose +7 yes stem none 
Gry pona octolineata var. striata Burm. Rose 6G yes stems; petioles; none 
veins 
Idi f Van D 3 no leaves none 
Kolla | 1 (Say 16 no petioles none 
Macrost / is (Uhler 31 no leaves; stems none 
Nor na muda (Say Rose 6G to 10 no leaves none 
Oncometopia lateralis (1 IS to 37 no stems; petioles none 
Phi irroratus (Say Rose 2 to 22 no stems; flower none 
buds 
Poly 1 rca (Sa 5to 8 no leaves none 
P. obtecta (O. & B 2Zto 8 no leaves none 
a é Van D 2to 7 no leaves none 
Scaphyt acut Say Rose continuous yes stems; petioles none 
S. front Van D Rose continuous — yes stems; petioles none 
Stirellu olor (Van D tto 7 no leaves none 
S. obtutus (Van D 2to 7 no leaves none 
Thamnotettiz nigrifror Forbes Rose 5to 13 no veins; petioles none 
/ j phloe yba pomarita MeA Apple rose 19 yes leaves stippling 
CERCOPIDAI 
Lepyronia quadrangular sa Gto 8 no leaves none 
Philaenus | htha I Rose 70 no veins; petioles; none 
stems 
Mi MBRACIDAI 
Ceresa bubalus (1 S no stem none 
(RAEOPIDAI 
Delphacodes puella (Van D. 6 no leaves none 
Liburniella ornata (Stal Rose 20 no veins; petioles none 
FULGORIDAI 
Seolo] let] Say Zto 7 no leaves none 
APHIDIDAI 
{mphorophora rubi (Kalt Rubus spp 2to 4 no leaves none 
Capuopl ¢ fragacfolui (CkIl Rose continuous — yes stems; leaves none 
Macrosiphum rosae (L Rose continuous — yes stems; leaves dwarfing; mal- 
formation 
VM. solani{ Ashm Rose continuous yes stems; leaves dwarfing; mal- 
formation 
Myzus } is Sanderson Rose continuous yes stems; leaves dwarfing; 
speckle 
COcCcIDA! 
Phenacoccus gossypii 'T. & ( Rose continuous — yes stems; leaves dwarfing 
Pseudococcus citri (Risso Rose continuous yes stems; leaves dwarfing 
Order; THysanoprera 
Frankliniella tritici (Fitch Rose flowers 12 no leaves faint stippling 
t Where st is not given leet | sce] of species, it is believed that in certain instances the insects oc- 


Se a 
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nymphs were reared to the adult stage on 
this host. The stippling caused by Ery- 
throneura (Fig. 2) was coarser than that 
by Typhlocyba or Empoasca. The presence 


S 





Fic. 1.—Injury on Butterfly rose by Em poasca faba 

Tip killed, lower leaves wilted, stem with brownish 

necrotic patches. New lateral developed after re 
moval of leafhoppers. 


of Erythroneura is further evidenced by 
the soft, black, watery excreta in scat- 
tered droplets which dry down to sooty 
spots. 

Adults of Graphocephala 

Forst,) and G. rersuta (Say) were col- 
lected on rose and fed on the upper part 
of rose stems for 40 days or more without 
causing Visible injury. Adults were reared. 

Adults of Oncometopia lateralis (F.), 
feeding on stems and petioles, produced 
many large droplets of honeydew on 
which sooty fungus slowly developed. 

Adults of Phlepsis irroratus (Say) col- 
lected from Rosa multiflora, fed on rose 
stems near the ground as well as on the 
flower buds. 

Adults and nymphs of Scaphytopius 
acutus (Say) and of S. frontalis (Van D.) 
fed by preference on older stems, near 
the soil, but also fed on young petioles, 
and on midveins. Adults produced off- 


coccined 
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spring which were reared through two 
full generations between July 12 and Sep- 
tember 6, 1933. Neither species caused 
visible injury to rose. 

Adults of Typhlocyba pomaria MeA,, 
collected on apple and rose at Arlington, 
survived for 19 days on caged rose, and 
nymphs were reared. Two generations of 
the same species were reared on butterfly 
rose from nymphs hatching from eggs 
overwintering in Oregon manetti rose 
stocks. This species caused a coarse type 
of stippling (Fig. 3) resembling that by 
Erythroneura. The injury by Typhlocyba 
could be more definitely distinguished by 
the associated fecal deposits of small, 
oval, shining-black droplets. 

Crrcopipak.—Nymphs of Philaenus 
le ucophthalmus L..) developed in about 
30 days to the adult stage after hatching 
from eggs laid the previous season in 
stems of manetti rose shipped from Ore- 
gon to Arlington Farm and forced in the 


g 
greenhouse for grafting purposes. Adults 








Fic 2 Coarse, sharp! detined stippling by Ery- 


throneura sp. on rose 
lived for a maximum of 70 days. Individ- 
uals resembling the various described 
color varieties of this species paired in- 
discriminately, sometimes remaining i 
coitu for 5 days. Although egg punctures 
were observed in rose stems, no nymphs 
hatched from the plants held over winter 
in the greenhouse. 

Each nymph usually established itself 
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in the leaf axil near the tip of new growth 
and enveloped itself in a mass of spittle 
which was maintained in a wet bubbly 
condition. At the time the insect trans- 
formed to the adult stage, the bubbles 
lost their moisture and hardened. The 
adult remained in a_ hollow chamber 
within the spittle until it emerged by 
leaping upward and rupturing the wall. 

No definite injury was observed on 
roses except, possibly, a reduction in rate 
of growth. If more than two or three 
nymphs were confined to one shoot they 
were unable to maintain their mass of 
spittle and died within a few days. 

Apuipipar.—Of the five species of 
aphids included in the present experi- 
ments, all occur naturally on rose except 
Amphorophora ruin (Walt.). The normal 
host of this species is Rubus and when 
confined to rose the aphids died within 
t days. Collections of Capitophorus fragae- 
folii Ckll.) were made at West Grove, 
Pennsylvania, on field-grown roses. Sex- 
ual forms developed late in October in 
field cages and in the greenhouse where 
the species was reared on roses. Species 
wintered in the field as eggs on the stems. 
The spring viviparae accepted rose and 
strawberry with equal readiness in trans- 
fer tests, which reinforces the conclusions 
of Hottes and Frison (1931, p. 283) that 
the same species occurs on both hosts. 
Macrosi phum solanifolii Ashm.) occurred 
in the field on rose from April to June and 
from September to November, but was 
reared on rose throughout the summer. 
M. rosae (L.) occurred on field roses 
during the summer and on greenhouse 
roses during the winter, and colonies were 
reared continuously in cages. The small 
yrecn aphid Myzus Porosus Sanderson was 
common on greenhouse roses and was 
reared throughout the year in cages. 

The last four aphids named fed on the 
upper stems, petioles, and leaf veins. 
Heavy infestations of -the species of 
Macrosiphum and Myzus caused. slight 
distortion of young leaves and abscission 
of older ones, and M. porosus Was appar- 
ently responsible for al yellow speckled 
condition of young leaves on the variety 
Briarcliff. The yellow spots on reddish 
leaves of new growth apparently de- 
veloped around feeding punctures. 

Coccipar.—The mealybugs Phenacoc- 
cus gossypu T. and C. and Pseudococeus 
eitrt (Risso) were reared continuously on 
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rose from material collected in green- 
houses. They fed on the younger stems 
and under leaf surface, causing some 
dwarfing, and were accompanied by an 
abundance of sooty fungus. The latter, 
as observed on greenhouse roses infested 
with P. citri, is particularly objectionable. 

THysanopTera.—Adults and larvae of 
Frankliniella tritici (Fitch) were very 





Fic. 3.—Seattered stippling by Typhlocyba pomaria, 
less coarse and less sharply defined than that by 
Erythroneura 


common in flowers of rose but lived for 
12 days or less if confined on succulent 
rose foliage, where they caused a faint 
stippling. Collected nymphs were reared 
to the adult stage but no adults were 
reared from eggs laid by caged females. 

Discussion.—In addition to informa- 
tion on the feeding habits of several spe- 
cies of insects and on their ability to re- 
produce on rose, their injurious effects on 
this host are of interest. This is particu- 
larly true of the yellowing and necrosis of 
leaves following feeding by Carneocephala 


flaviceps, which resembles injury by Em- 


poasca fabae. Naturally occurring injury 
by Carneocephala may not be of economic 
importance on any hosts, however, be- 
cause the species generally occurs in very 
small numbers. 

Among the 36 species of leafhoppers, 
5 of aphids and 2 of mealybugs, only 
those causing a stippled condition of the 
leaves were observed to excrete dark 
colored material, the excretions from the 
other species being clear droplets, upon 
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which dark sooty fungus later developed. 
The species feeding upon mesophyll, and 
causing a stippled condition of the leaf, 
ingest material quite different from that 
secured by those feeding upon the phloem 
Smith and Poos, 1931), and it is only 
natural that the end products should 
differ. The species of Em poasca, Erythro- 
and Typhlocyba included in the 
present investigation may be = distin- 
guished by the type of stippling they 
cause on leaves as well as by their charac- 


neurd, 


teristic feces. 
SUMMARY. 
species of 


During investigations of 
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‘ ma 
streak of rose, several species not usually 
recognized as attacking roses were found 
to feed or to breed on this host for an eXx- 
tended period. Injuries, including yellow- 
ing and necrosis by Carneocephala flavi- 
ceps and Empoasca fabae, stippling by 
Em poasca maligna, Erythroneura sp., and 
Typhlocyba pomaria, speckling by Myzus 
porosus, and general dwarfing by aphids 
and mealybugs, are deseribed. Differen- 
tial characters of stippling and of feeal 
deposits are given for identifving the in- 
juries caused by the several species of 
Em poasea, Erythrone ura, and Ty phloeyba. 

2-2-4), 
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Methods of Destroying Blowfly Larvae and Pupae in 
Carcasses and in Soil 
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The true screwworm, Cochliomyia amer- 
icana ©. & P., apparently breeds only in 
living animals, however large numbers of 
these larvae may be present in carcasses 
of animals killed by serewworms. The 
nearly mature larvae in the wound tend 
to migrate into the soil soon after the 
animal dies, but some of the immature 
larvae remain and continue to develop 
within the carcass. The destruction of 
larvae and pupae within the carcass and 
in soil near the carcass is therefore of pos- 
sible practical value as a means of pre 
venting an increase in population of (€. 
americana in nature. Destruction of car- 
casses will also prevent population in- 
creases of other blowflies some of which 
often attack living animals. 

In order to determine the most effective 
means of destroying larvae and pupae of 
Cochliomyia americana and other blow- 
flies in carcasses and in soil, various meth- 
ods were investigated under conditions as 
found in the Southeast. 

The experiments were carried on at 
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Valdosta, Ga., during the 1936 to 
1938. In preliminary tests in 1986 and 
1987 larvae of Coehliomyia 
were artificially implante dl on square vard 
plots of Bermuda and carpet UTiass. From 
50 to 100 larvae were used on each plot. 
Field were conducted during all 
three vears. In these 

fested with more than 
larvae were used, The se carcasses were in- 
fested with other species of blowflies as a 
result of attacks after death of the ani- 
mals. The plots were about 4+ square vards 


years 


adinericana 


tests 
tests carcasses mn 


hoo (. americana 


in s1ze and each contained one Carcass 
Counts were made of the number of larvae 
before treatment and the number of flies 
emerging after treatment. 

Care was taken to prevent the escape 
of larvae and flies from the 
plots. Suitable cages were used to trap 
all emerging flies so that they could he 
counted. In 1986 the large test plots were 
a set of sereened cages. All 


emerging 


covered with 
the cages in a set were 30 inches in height 
and width but varied in length. One end 
of each closed by a sleeve. 
Through this sleeve the obs rver entered 
the cage and caught or killed all the flies 


cage Was 
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emerging in the cage. Usually only Coch- 
liomyia americana adults were counted; 
the numbers of other blowflies were esti- 
mated. 

In 1937 the recovery cages were con- 
structed so that the number and kind of 
flies emerging from the field test areas 
could be determined. Each cage was con- 
structed of six sereen panels cach 6 feet 
bv 3 feet, one on each of the four sides 
and two on the top. The panels were held 
together by detachable hinges to form a 
bottomless screen cage 6 feet square by 
8 feet high. Part of the screen in each of 
the two top panels was removed, the cut 
edges supported by }- by 92-inch cypress, 
and the opening thus formed covered by 
a legless cone-type fly trap fastened se- 
curely to the cage. These traps were 
emptied and examined daily. 

Goats were used in most of the field ex- 
periments. In 1938, however, one test was 
conducted with a few sheep and a young 
steer. The goats averaged about 40 
pounds in weight and the sheep about 80 
pounds. The steer weighed 200 pounds. 

The following three methods of de- 
stroving larvae and pupac in carcasses 
and soil were tested: Chemical treatment, 
mainly by sprinkling various dilutions of 
sodium evanide and emulsions of carbon 
disulfide on carcasses and soil; mechanical 
treatment, by pounding the soil with the 
fat side of an ax; and the use of fire, by 
trench burning of carcasses with wood, by 
top burning of carcasses and soil with 
wood and with a blowtorch, or prickly 
pear burner, and by a combination of 
trench and top burning with wood. 

CuemicaL TREATMENT OF CARCASSES 
‘ND Sort.—In- seventeen preliminary 
tests with different dilutions of sodium 
evanide it was found that 1 ounce of the 
chemical in one-half to 2 gallons of water 
was 100 per cent effective on the larvae 
and pupac in the soil and one half ounce 
in | to 2 gallons of water was over 98 per 
cent effective. 

In three field tests one-half and one- 
fourth ounce of sodium cyanide per gallon 
of water applied at the rate of 2 gallons 
per square yard killed all larvae in the 
carcasses and in the soil on which the 


carcasses had lain, and one-cighth ounce 
per gallon of water applied at the same 
rate killed 98 per cent of the larvae and 
pupae in the soil. 

The results of preliminary tests with 
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carbon disulfide are too inconsistent to 
present in detail in this paper. Emulsions 
containing neutral sulfonated castor oil 
were more effective than those containing 
any other wetting agent tested. In field 
tests one-fourth pint of an emulsion con- 
taining 1 part of carbon disulfide and 1 
part of neutral sulfonated castor oil in 2 
gallons of water and applied at the rate 
of 2 gallons per square yard killed all 
the larvae and pupae of the fly Co- 
chliomyia americana. 

Other materials were tested, a few of 
which gave 100 per cent control against 
Cochliomyia americana larvae and pupae 
in soil, but all these were considerably 
more expensive than similarly effective 
mixtures of sodium cyanide or carbon di- 
sulfide. These materials were coal-tar 
creosote dip, kerosene, kerosene emulsion, 
paradichlorobenzene, phenol, crank-case 
oil, pyridine, and sulfonated castor oil 
emulsions of benzol, orthodichloroben- 
zene, and furfural. Orthodichlorobenzene 
emulsion (one-half pint of equal parts of 
orthodichlorobenzene and sulfonated cas- 
tor oil in 2 gallons of water), pyridine 
one-half pint in 1 gallon of water), and 
a furfural emulsion (one-half pint of equal 
parts of furfural and sulfonated castor oil 
in 1 gallon of water) gave 100 per cent 
control, each in one test. 

MercuanicaL TREATMENT OF SorL.— 
Three tests in mechanical treatment were 
made, one on improved pasture sod, 
another on woodland pasture densely 
covered with palmettos, and a third on 
woodland pasture densely covered with 
gallberry bushes and wire grass. This 
method proved to be almost 100 per cent 
effective on improved pasture, allowing 
only one Cochliomyia americana to emerge 
from about 500 larvae, whereas 281 adults 
emerged from about 500 larvae in a con- 
trol area. On woodland pasture with pal- 
mettos 49 flies emerged from about 250 
larvae and on woodland pasture with 
gallberry bushes 42 flies emerged from 
about 500 larvae. These results indicate 
that this method cannot be considered as 
a practical one. 

BURNING OF CARCASSES AND SOIL. 
Trench burning for the disposal of car- 
casses was done according to the method 
described by Bishopp et al. (1926). A 
trench was dug within the confines of the 
test plot and the soil from it thrown in- 
discriminately to one side of the trench 
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but within the test plot. The carcass was 
placed on wood piled in the trench. 

Top burning accomplished — by 
building over the carcass a fire sufficient 
to burn it completely and then spreading 
the fire evenly over all parts of the test 


was 


area. 

In trench burning followed by top 
burning the carcass was burned mainly 
by the trench method, but the fire was 
spread over the carcass and the rest of the 
test plot. 

Five tests with the blowtorch, using 
gasoline or kerosene, showed that burning 
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effectiveness of either method depends a 
good deal, however, on the technique em- 
ployed. The fire should he spread over an 
area extending at least 3 feet from the 
careass in all directions. In the hands of 
an incompetent worker neither method 
would be valuable. 

All three burning methods effectively 
reduced the number of blowflies emerging 
from carcasses. The difference in redue- 
tion between burned and check plots was 
even more striking than the figures in 
table 1 indicate, since thousands of flies 
from the check plots (especially from 


Table 1.—Summary of results of tests with wood burning to destroy blowfly larvae in carcasses and 


soil. Valdosta, Ga., 1936 38. 
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In some instances more than one test was made pr 
careasses and then heating the soil on 
which they had laid may prevent the 
emergence of Cochliomyia americana but 
not of other blowflies. Compared with the 
checks some control was effected, but the 
cost in time and fuel would not warrant 
the use of the blowtorch as a practical 
method for destroying immature stages of 
blowflies in carcasses and soil. 

The experiments on burning with wood 
are summarized in table 1. 

Irrespective of the flora of the plot, 
burning carcasses by the trench method 
without treating the soil beneath and near 
them was decidedly less effective than 
other wood-burning methods. The most 
effective method was the combination of 
trench and top burning. Top burning 
alone ranked second in effectiveness. The 


those in which a carcass Was buried died 
and were never caught in the traps and 
counted. Only the flies caught in the 
traps, or by hand, are recorded in the 
table. 

The quantity of wood used varied with 
the method. The least was used in trench- 
burning. Usually when burning carcasses 
weighing 35 to 60 pounds by this method 
only one-sixteenth cord of dry-sap pine 
was used. Top burning of both carcass 
and soil consumed one-eighth cord for 
carcasses of similar weight. Usually about 
three-sixteenths of a cord of wood was used 
when the carcass was trench burned and 
the soil top burned. Both the amount of 
fuel and the time necessary for burning 
would vary considerably with the size of 
animal, type of wood used, personnel 
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conducting the burning, and so forth. 
Table 1 shows considerable difference 
in the numbers of Cochliomyia americana 
and of other blowflies emerging from 
buried and exposed carcasses. This differ- 
ence is difficult to explain. Larvae of C. 
macellaria developing in exposed car- 
casses tended to migrate from the vicinity 
of the carcass. In wet weather these larvae 
were able to surmount the wooden bar- 
riers surrounding the test plots. When 
this migration was controlled, however, 
bv the cutting of a steep-sided ditch be- 
tween carcass and barrier, only a few 
flies emerged from exposed 
while tens of thousands of apparently 
dead (. macellaria pupae could be seen 
at the bottom of the ditch. The difference 
in emergence from buried and from ex- 
posed carcasses may have been due to the 
larger numbers of predators attracted to 


carcasses 


the exposed Curcasses. 

Summary.— During the period 1986-38 
tests were conducted at Valdosta, Ga., to 
determine the most effective means of 
destroying Cochliomyia americana and 
other blowfly larvae in carcasses and in 
soil. 

Chemical, 
soil), and burning methods were tested. 
Preliminary with chemicals were 
conducted on square-yard grass plots con- 
taining artificially implanted larvae of 
Cochliomyia americana, More significant 
field tests were conducted on 4-square- 
vard plots covered by different types of 
animals in- 


mechanical (pounding the 


tests 


flora on which careasses of 
fested with ©. 
Before treatment these carcasses became 
infested with large numbers of other blow- 
flies. 

All test plots were covered with cages 
to trap emerging flies. During 1986 and 
part of 1987 these cages were such that an 
accurate count of only Cochliomyia ameri- 
cana could be made. During the latter 
part of 1987 and 1938 a cage was con- 
structed that would allow an observer to 


americana were placed. 
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catch and count nearly all the flies that 
emerged from the test plots. 

Sodium cyanide at the rate of 1 ounce 
in one-half to 2 gallons of water killed all 
the larvae and pupae in the soil and at 
the rate of one-half ounce in 1 to 2 gallons 
of water was over 98 per cent effective, in 
preliminary tests on 1-square-yard plots. 

In tests on larger plots sodium cyanide 
in concentrations of one-half and one- 
fourth ounce per gallon of water applied 
at the rate of 2 gallons per square yard 
killed all larvae in carcasses and in the 
soil on which the carcasses had laid, while 
one-eighth ounce per gallon of water at 
the same rate killed 98 per cent of the 
larvae and pupae in the soil. 

Carbon disulfide emulsion (one-fourth 
pint of equal parts of carbon disulfide and 
sulfonated castor oil in 2 gallons of water) 
destroyed all larvae and pupae in soil 
when applied at the rate of 2 gallons per 
square yard. 

Pounding the soil seemed to be effective 
on improved pasture sod but relatively 
ineffective on rough woodland pastures. 

Cochliomyia americana in carcasses and 
soil may be destroyed with a prickly pear 
burner using gasoline or kerosene. How- 
ever, the use of this burner involves 
greater expense for fuel and time than the 
use of wood and is more dependent on the 
competence of the laborer who does the 
burning. 

Trench burning of a carcass with wood 
is the least effective method. 

More effective are top burning of ear- 
casses and soil and burning by the trench 
method followed by spreading the fire 
over the soil. The fire should be spread 
over an area extending at least 3 feet 
from the careass in all directions. 

Burning carcasses and heating the soil 
on which they have laid, if conducted 
with thoroughness, will kill blowflies that 

re present in the and 


a soil. 
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Recently much attention has been 
given to organic compounds, especially to 
benzene derivatives which could be ap- 
plied as dusts, in the search for a material 
that will prevent wounds on livestock 
from becoming infested with larvae of the 
screwworm, Cochliomyia americana C, 
and P. The expense and time involved 
have seriously limited the number of 
materials that could be tested by the 
usual methods on experimental animals. 
In order to investigate the larvicidal 
qualities of a large number of compounds, 
it was therefore necessary to establish 
some cheap and rapid laboratory method 
of selecting promising materials for use in 
field tests. The method that has been de- 
veloped for this purpose is described in 
the present paper and the results obtained 
with one group of compounds are pre- 
sented. 

MATERIALS AND Metuops.— Melvin & 
Bushland (1936) found that screwworms 
could be reared satisfactorily on artificial 
media. Preliminary tests also showed that 
the larvae could be killed in the medium 
by the addition of an insecticide such as 
phenothiazine or arsenic trioxide. As a 
result of these findings, the mixing of test 
materials in the nutritional medium has 
been used as a means of selecting com- 
pounds toxic to screwworm larvae. 

Tests were carried out in wide-mouth 
pint mason jars each containing approxi- 
mately 150 grams of a medium composed 
as follows: 50 grams of finely ground lean 
beef, 25 cubic centimeters of citrated beef 
blood, 75 cubie centimeters of water, and 
0.2 cubic centimeter? of formalin (37 to 
38 per cent formaldehyde). The desired 
amount of test material was first mixed 
thoroughly with the ground beef, and 
this mixture then stirred with the blood, 
water, and formalin until clotting began. 
Because of the viscosity of the finished 
medium, the test material apparently re- 
mained well dispersed. Compounds in a 


ducted under the direct of Roy 


Knipling, H. E. Par 


: These studies were cor 
Melvin and with the assistance of E. | 
and C. J. Hall 

2 During the course of these studies the formalin conte vas 


increased to 0.3 cubic centimeter per jar. Tests showed tl 


increase had no harmful effect on the larvae 


solid state were ground as finely as pos- 
sible with mortar and pestle before being 
weighed. Liquids were measured with a 
pipette graduated to hundredths of a 
cubic centimeter, but the volumes were 
not adjusted for differences in’ specific 
gravity. 

A compound was tested first at a con- 
centration of 0.67 per cent (1 gram of 
solid or L cubic centimeter of liquid per 
jar). If larvae survived, the material was 
not tested at lower concentrations, but if 
all the larvae were killed, the dosage was 
reduced until a concentration was reached 
where part or all of the larvae survived 
for 3 days. 

In determining the toxicity of 
pounds the following concentrations were 
used: 0.67, .33, .17, .10, .08, .05, .08, .01 
and .005 per cent. Concentrations below 


com- 


0.17 per cent were obtained by preparing 
a 1.5 per cent mixture of the test material 
in ground beef and remixing the proper 
proportions of this stock with more finely 
ground lean beef. All materials were 
tested in duplicate jars, and with each lot 
of larvae four check jars were run. The 
method of dilution appeared to be suffi- 
ciently accurate, since similar results were 
nearly always obtained in the duplicate 
jars. 

\fter the jars were prepared, they were 


placed in a heated room (temperature 
range 25 to 38 degrees ©C When the 


media became warmed to room tempera- 
ture, an estimated 100 larvae were placed 
in each jar. Because of the difficulty in 
counting the small, newly hatched larvae, 
and since, for the purpose of the investi 
gation, the determination of the lowest 
concentration of a compound which gave 
100 per cent mortality was all that was 
desired, actual numbers of larvae used in 
each test not determined. It was 
more expedient simply to infest the jars 
with approximately 100 larvae and then 
note the minimum concentrations which 
gave 100 per cent mortality and the maxi 
mum concentrations at which partial or 
total survival occurred 

Generally there was no noticeable mor- 
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tality in the check jars. Occasionally, 
however, the jars became contaminated 
with putrefactive bacteria and were there- 
fore unsuitable for larval development. 
Whenever this spoilage occurred, whether 
in the controls or the test jars, lethal com- 
pounds were retested before the kills were 
accepted as valid. 

Nontoxic concentrations were identified 
easily by comparing treated jars with the 
controls as to relative number and size of 
larvae. Whenever there was a partial kill 
there was also an accompanying retarda- 
tion in the growth rate of the surviving 
larvae. Thus partly toxic concentrations 
could be determined definitely as such 
even though the percentage of mortality 
recorded was only an estimate. The more 
toxic substances and many of the less 
toxie were retested, and in most 
cases the results were duplicated. 

When a toxie compound is present in 
lethal concentration, the larvae generally 
are killed within 24 hours. As the dosage 
is reduced and a concentration is obtained 
which is barely sufficient to produce 100 
per cent mortality, some of the larvae 
may live until the third day. In such cases 
it would not be surprising to find in later 
tests with slightly more resistant larvae 
that a few might survive at such a con- 


ones 


centration. 

Larvae used in these tests were of the 
thirty-third to sixty-fourth consecutive 
generation reared on a nutrititional me- 
dium the composition of which was not 
changed during these investigations. The 
technic of caring for the flies and the 
method of procuring eggs likewise were 
unchanged during the course of these 
studies. Since all the rearing was done in- 
doors, the effeet of seasonal changes on 
the test Insects was minimized. 

The eggs were usually incubated at a 
temperature of approximately 30 degrees 
C., hatehing taking place in about 12 
hours Occasionally it was necessary to 
delay the time of hatching a few hours by 
incubating at lower tempera- 
tures. Tests showed that such variation 
in time of incubation did not appreciably 
affect the vitality of the larvae. It was 
found also that larvae could be kept in 
their incubation dishes as long as 3 hours 
after hatching with apparently no change 
in their vitality. This was a longer period 
than that which elapsed before the larvae 
were used to infest test jars. 


the eggs 
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Resutts.—The jar method as de- 
scribed has been used for testing over 800 
organic compounds and may be recom- 
mended as a means of testing prospective 
insecticides on screwworm larvae. The re- 
sults of tests with most of the 800 com- 
pounds is reported in the following paper, 
while those with phenothiazine and cer- 
tain related compounds are given in 
table 1. 


Table 1.—Results of tests with phenothiazine 
and related compounds against screwworm lar- 
vae. 





MINIMUM 


Num- Leta Con- 
BER OF CENTRATION, 
Compounpb! Tests? Per Cent 
Acridine 9 .01-.08 
Phenazine 8 .O1-.03 
Dibenzot hiophene 5 .038-—.05 
5,10-Dihydroacridine (acri- 
dan }* 10 .08-.05 
Dipheny! sulfoxide (phenyl 
sulfoxide 9 .08-—.05 
Phenothiazine 25 .03-.055 
Phenothioxin 18 .03-.05 
Dipheny! (bipheny! 7 .05-.08 
Diphenylene oxide (diben- 
zofuran 10 .05-.08 
9,10-Dihydroanthracene 5 .08-.10 
Dibenzyl (bibenzyl 6 -10-.17 
Diphenylamine 34 .10-.17 
Diphenylmethane 8 .17-.33 
Phenoxazine 3 .17-.33 
Phenyl ether 3 .17-.33 
Pheny! sulfide 3 .17-.33 
p-Dibenzodioxin (dibenzo- 
p-dioxin 3 .33-.67 
Anthracene l nontoxic 
Carbazole 2 nontoxic 


Diphenyl sulfone (phenyl 


sulfone l nontoxic 
Phenothiazine sulfoxide 

phenothiazine-l-oxide 2 nontoxic 

Thianthrene 2 nontoxie 





1 The following compounds were supplied by the Division of 
Insecticide Investigations: p-dibenzodioxin, dibenzothiophene. 
5,10-dihydroacridine, 9,10-dihydroanthracene, phenazine, phe- 
nothiazine sulfoxide, and phenoxazine. The other materials 
were obtained from commercial sources. 

2 A test consisted of duplicate jars with about 100 larvae per 
jar. 

+The smaller figure represents a concentration at which 
larvae survived and the larger figure a concentration that pro- 
duced 100 per cent mortality. 

‘In the case of compounds referred to by two names, the 
name in parenthesesis the one preferred by Chemical Abstracts. 

5 Results with most toxic samples, 


In this table a compound is listed as 
non-toxic if it did not kill any of the 
larvae or retard their growth rate at a 
concentration of 0.67 per cent (1 gram 
per jar). With all other compounds the 
minimum lethal concentration is ex- 
pressed as ranging between two percent- 
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ages, the lower representing that con- 
centration at which some larvae survived 
and the higher that concentration at 
which 100 per cent mortality occurred. It 
should not be assumed that the lower 
figure represents a non-toxic concentra- 
tion, but it is merely a concentration 
which failed to kill all the larvae within 
$8 days. Very often sub-lethal dosages 
cause growth retardation or kill part of 
the larvae. This is especially true with 
concentrations lower than 0.10 per cent. 
Within the range of 0.03 to 0.10 per cent 
the steps by which the concentration was 
reduced were smaller and a sublethal con- 
centration almost invariably showed some 
toxicity. 

Over a period of several months di- 
phenylamine was tested nine times each 
at the sub-lethal and lethal dosages. In all 
tests a concentration of 0.17 per cent was 
lethal and in eight out of nine tests a con- 
centration of 0.10 per cent allowed some 
larvae to survive. No other compounds 
were retested so extensively as diphenyl- 
amine. The results with carbazole, 5,10- 
dihydroacridine, diphenylene oxide, di- 
phenyl sulfoxide, and phenazine were du- 
plicated in subsequent tests. Acridine at 
0.03 per cent was lethal in two tests, but 
when used at a concentration of 0.01 per 
cent, which had been lethal in an earlier 
test. larvae survived. Phenothioxin at 
O.05 per cent gave a complete kill in each 
of four tests, but when used at a concen- 
tration of 0.08 per cent larvae survived in 
three out of four tests. 

Different samples of phenothiazine 
from commercial sources varied greatly in 
their toxicity to screwworm larvae. Five 
samples were lethal at a concentration of 
0.05 per cent but larvae survived at 0.08 
per cent. These are the figures assigned as 
the minimum lethal concentration for 
phenothiazine.) Other samples were less 
toxic and material from one source, al- 
though supposed to be 99 per cent pure, 
did not kill all larvae in 3 days at a dosage 
of 1 gram per jar (0.67 per cent). 

The remaining compounds listed in 
table 1 were tested but once at their sub- 
lethal and lethal dosages. However, the 
results of tests at concentrations above 
and below these points add weight to the 
evidence that the minimum lethal con- 
centration lies between the limits of con- 
centration indicated in the table. 

Discussion.— It is evident that altera- 
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tions in the molecule may produce de- 
cided changes in toxicity. When the sulfur 
of phenothiazine was replaced by oxygen, 
the resulting compound (phenoxazine) 
was less toxic. In dibenzodioxin the re- 
placing of one atom of oxygen with sulfur 
produced a compound  (phenothioxin) 
that was more toxic, but thianthrene, the 
sulfur analog of p-dibenzodioxin, was non- 
toxic. Phenyl sulfide and phenyl ether 
were equally toxic, but dibenzothiophene 
was more toxic than diphenylene oxide. 

Oxidation of phenyl! sulfide to diphenyl 
sulfoxide produced a compound that was 
more toxic than the parent compound. 
Further oxidation, however, to diphenyl 
sulfone gave a compound that was non- 
toxic. On oxidation of phenothiazine to 
the sulfoxide a non-toxic compound was 
produced. 

Diphenylene oxide and dibenzothio- 
phene were both more toxic than the re- 
lated compounds phenyl ether and phenyl 
sulfide. Diphenylamine was more toxic 
than phenyl ether or phenyl sulfide, but 
carbazole was non-toxic. 

Summary.— Laboratory 
made to investigate the toxicity of pheno- 
thiazine and a number of related organic 
compounds to young screwworm larvae 
and P.). The 
technic employed in testing the toxicity 
of the various compounds was briefly as 
follows: Test substances were mixed into 
a nutritional medium consisting of ground 
lean beef, bovine blood, water, and suffi- 
cient formaldehyde to retard putrefae- 
tion. Newly hatched larvae were placed 
on the treated medium. This method has 
heen very satisfactory for selecting larvi- 
cidal materials for further study in field 
tests as screwworm larvicides. 

Organic compounds have been evalu- 
ated on the basis of the lowest concentra- 
tions that produce 100 per cent mortality 
within 
were tested at concentrations in the nu- 
tritional medium of 0.67, 33, .17, 10, .08, 
05, 08, O01, and .005 per cent 

The following compounds were found 
to be toxie at concentrations of 0.67 per 
cent or acridine, p-dibenzodioxin, 
dibenzothiophene, dibenzyl, 5,10 dihy- 
droacridine, 9,10-dihydroanthracene, «i 
phenyl, diphenylamine, diphenylene ox 
ide, diphenylmethane, diphenyl sulfoxide, 
phenazine, phenothiazine, phenothioxin, 
phenoxazine, phenyl ether, and phenyl 


tests were 


( ochliomyia anit ricana + 


$3 days. The various substances 


less: 
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sulfide. Compounds found to be non-toxic 
at a concentration of 0.67 per cent were 
anthracene, carbazole, diphenyl sulfone, 
phenothiazine sulfoxide, and thianthrene. 

The relationship between molecular 
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structure and toxicity to screwworm lar- 
vae is briefly discussed. It appears that 
any alteration of the molecule in these 
compounds may influence toxicity. 
3-20-40. 
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In previous investigations, reported in 
the preceding paper, it was found that 
phenothiazine and certain related com- 
pounds were toxic to young larvae of the 
screwworm, Cochliomyia americana [ 
and P., in the laboratory. Additional or- 
ganic compounds have now been tested 
for the purpose of selecting materials for 
use in field tests in protecting wounds 
against screwworm infestation. 

Marertats anp Metnops.—The jar 
method, explained in detail by the writer 
in the previous paper may be described 


briefly as follows: Test materials in a 
solid state were first ground as fine as 


possible with mortar and pestle. The de- 
sired quantity of chemical mixed 
thoroughly with finely ground lean beef. 
This mixture was then stirred into a mix- 
ture of citrated bovine blood, water, and 
commercial formaldehyde, at the rate of 
50 grams of beef, 25 grams of blood, 75 


was 


cubie centimeters of water, and 0.8 cubic 
centimeter of formaldehyde 37 to 38 per 
cent). In the absence of toxie substances 
the serewworms developed readily in this 
medium when kept in uncovered jars in 
a Wart room. 

One hundred and fifty grams of the 
medium containing the determined quan- 
tity of the test material was placed in a 
wide-mouth pint mason jar which was 
then put in a heated (25 to 38 degrees C.) 
room. When the medium became warmed 
to the room temperature, an estimated 
100 newly hatched larvae were placed on 
the medium. Records were taken at in- 
tervals of 1, 2, and 8 days. All compounds 
were tested in duplicate jars and with 

' These studies were conducted under the direction 


Melvin and with the assistance of E. F. Kniplir 
and C.J. Hall 


i of Roy 
w, H. E. Parish 


every lot of larvae used four check jars 
were run. 

A compound was first tested at a con- 
centration of 0.67 per cent (1 gram in 150 
grams of medium). If all larvae were 
killed, the concentration was reduced to 
0.33 per cent (0.50 gram). If again all 
larvae were killed, the concentration was 
reduced to 0.17 per cent (0.25 gram). If no 
larvae survived, this concentration was 
reduced (through 0.10, 0.08, 0.05, 0.03, 
0.01, and 0.005 per cent) until the dosage 
failed to kill all larvae. 

Compounds that did not kill any of the 
larvae or reduce their growth rate at a 
concentration of 0.67 per cent are listed 
as non-toxic, and those that affected the 
larvae adversely at this concentration but 
did not cause 100 per cent mortality are 
listed as slightly toxic. 

With the more toxic compounds the 
minimum lethal concentration is ex- 
pressed as falling between two percent- 
ages. The lower percentage represents the 
highest concentration in the series at 
which some larvae survived. In some 
cases this concentration was harmless to 
test larvae, but with most of the com- 
pounds this concentration showed some 
toxicity. The higher percentage represents 
a concentration which produced 100 per 
cent mortality within 3 days. 

All compounds were tested in duplicate. 
Most of the more toxic ones and many of 
the less toxic were retested. Occasionally 
it was found that some larvae survived at 
a concentration which was lethal in an 
earlier test, but this survival usually oc- 
curred at concentrations which, appar- 
ently being just sufficient to kill all larvae, 
had required 3 days to produce 100 per 
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cent mortality. It rarely happened, how- 
ever, that later tests changed the first re- 
corded minimum lethal concentration by 
more than one step in the series. 

Since the steps by which concentrations 
were reduced are comparatively large, 
compounds within a group are not neces- 
sarily equally toxic. With one compound 
the percentage concentration given as 
causing a complete kill may be higher 
than is necessary to produce 100 per cent 
mortality, whereas with another com- 
pound it may be just sufficient to kill all 
larvae. 

Since its toxicity was first reported by 
Campbell et al. (1984), phenothiazine has 
attained considerable prominence as an 
organic insecticide. Rotenone is less toxic 
than phenothiazine against the screw- 
worm. Because the toxicity of these com- 
pounds to other insects is well known, 
they are used as standards of comparison 
for the more toxic chemicals discussed in 
this paper. The minimum lethal concen- 
tration for phenothiazine was between 
0.03 and 0.05 per cent (Bushland, 1940 
and that for rotenone was between 0.05 
and 0.08 per cent. Samples of pheno 
thiazine obtained from different sources 
vary considerably in toxicity to the screw- 
worm, but the toxicity as reported is that 
of the most toxic samples tested. The 
rotenone used was of C.P. grade. 

As a general rule chemicals of the high- 
est purity obtainable were used. The 
quality of these materials is indicated in 
the following list by letters, “FE” for high 
est purity obtainable, “P” for practical 
grade, and ““T”’ for technical grade, after 
the names of the compounds. Compounds 
obtained from the Division of Insecticide 
Investigations are designated by the 
letters “D.1.1.” The other materials were 
procured from commercial sources and 
are so indicated. The terminology used is 
that of the companies supplying the com- 
pounds and therefore is not in every case 


the name preferred by Chemical Ab- 
stracts. 
Resuits.—In the following list the 


compounds tested are grouped according 
to minimum lethal concentration and to 
relative toxicity with regard to pheno- 
thiozine and rotenone. Closely related 
compounds are sometimes widely sepa- 
rated in the list, but these materials may 
be found without much difficulty, as all 
listings are alphabetical. 
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Minimum lethal concentration 0.01 to 
0.05 per cent (more toxic than pheno- 
thiazine): 


Cinchonine (E 
m-Dinitrobenzene (EF 
2,6-Dinitro t-chloropheno! i 
3,5-Dinitro-o-cresol (EF 
2,4-Dinitro-6-cyclohexyvlphenol (FE 
Methylphenylnitrosoamine (EF 
o-Nitroanisole (P 
p-Nitroanisole EK 
p-Nitrobenzonitrile (EF 
p-Nitrophenetole (EF 

p Nitrophenylacetonitrile | 


Minimum lethal concentration 0.08 to 
0.05 per cent (as toxic as phenothiazine 
Anisalacetone (EF 
Anisaldehyde Ek 
Azoxybenzene (E 
p-Chlorodipheny! (‘T 
crf hloroquinoline EK 
Cinchonine hydrochloride comm 
Cinchonine salicylate (comm 
Cinchonine sulfate (comm 
2,6-Dibromo-4-nitrophenol (1 
}.4-Dichloronitrobenzene (P 


2,4-Dinitroanisole (EF 
2,4-Dinitrobromobenzene (1 
2,4-Dinitro hlorobenzene (1 
3,5-Dinitro-o-cresol sodium salt (1 
2,4-Dinitrophenylhydrazine (1 
2-Hydroxyquinoline (EF 
Isoquinoline (P 


-Naphthonitrile E 
m-Nitroanisole (E 
m-Nitrobromobenzene (1 
p Nitrobromobenzene (1 
o-Nitrochlorobenzene (1 
m-Nitrochlorobenzene (1 
Pp Nitroc hlorobenzene | 
m-Nitroiodobenzene (I 
6 Nitroquinoline I 

Ss Nitroquinoline I 
Phenvlhydrazine I 
Quinaldine (EF 
Quinoline P 


1.3,5-Trinitrobenzene (1 


Minimum lethal concentration 0.05 to 
0.08 per cent (as toxic as rotenone 


Azobenzene (EF 
Benzeneazodiphenyvilamine (I 
} Bromodipheny! | 
(inchonidine sahevlate (comn 
Diazoaminobenzene | 

2 5-Dichloronitrobenzene (1 
2.6-Dichloro-4 nitrophenol ke 
2,4 Dimet hylquinoline I 
2,6-Dimethylquinoline (1 

2.4 Dinitropheno! | 
2,4-Dinitrothymol (FE 
Diphenylguanidine (1 
Hydrazobenzene (P 

p lodophenetole E 

p Methoxyvacetophenone | 


¥ 0.05 per cent 


Not tested at concentrations belo 


Minimum lethal concentration 0.005 to 0.01 pe 
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p-Methoxydiphenyl LD 
Methyl anisate (FE 
6-Methylquinoline (E 
o-Nitrobromobenzene (EF 
p-Nitroethylacetanilide K 
o-Nitroiodobenzene Kk 
p-Nitromethylacetanilide I 
o-Nitrophenetole Ek 

Piecrie acid (P 
Thioacetanilide E 


Minimum lethal concentration 0.08 to 
10 per cent: 
Acetone semicarbazone (D L] 
Cinchonidine (comm 
$-Dinitrophenol sodium salt (E 
5-Dinitrosalieylic acid (EF 
3-lodonaphthalene EK 
7-Methylquinoline (EF 

Ss Methylquinoline Kk 


Sodium 3,5-dinitrosalicylate (source unknown 


0 
, 
oo, 


Strvchnine sulfate (comm 


Veratrole > 


Minimum lethal concentration 0.10 to 
Bis per cent: 


Acetone phenylhydrazone I 
Acetyl n propylaniline k 
Iso Amvlaniline kK 
p-Anisidine kK 

Ascaridole (EF 
Benzalacetophenone EK 
Benzeneazo hi-¢ resol k 
Benzophenone EK 

p Bromoazobenzene (D.L.1 


$ p Bromophenylazo m-cresol (D.1.] 
n-Butylaniline (E 

d-( amphor oxime kK 

Cyclohexylamine (P 

Dibenzvlamine I 
p-(2,5-Dichlorophenylazo -phenol (D.L.1 


5.5 Diethyl barbiturse acid (comm 
o-Dinitrobenzene kK 

Diphe ny lamine hydro hlor ide k 
Diphenylearbamine chloride (E 

p Ethoxydiphenyl ly 

Ethyl anisate (EF 

Ethvl N-Phenvlearbamate (1 
Gsuanidine thio vanate bk 
Hydroquinone bk 

Hvdroquinone diacetate kK 
Hydroquinone dimethyl ether (E 
p lodoazobenzene (D.L.1. 
o-lododiphenyl (EF 
p-lododiphenyl (EF 
Methylacetanilide (E 
m-Nitroacetanitlide (E 

D1] 
p-Nitrobenzal bromide (E 
m-Nitrobenzal ( hloride kK 
Nitrobenzene (E 
o-Nitrodiphenyl (P 

m Nitrophenetole KE 

p Nitrophenylhydrazine hvdr 
p-Nitrotoluene (E 
p-Phenetidine (P 
o-Phenyvlenediamine (E 
Phenylhydrazine hydrochloride (1 
Phenylurea (E 

I’y rogallol trimethyl ether (FE 
Quinoline ethiodide (E 


p-Nitroazobenzene 


ochloride (1 
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m-Tolylhydrazine (P 

2,4,6-Trinitroanisole (EF 

2, 4,6-Trinitro-m-cresol (EF 

Minimum lethal concentration 0.17 to 
per cent: 

Acetanilide (E 

\cetophenone (E 

Acetyl p-anisidine (EF 

p-Aminophenol hydrochloride (E 
p-tert-Amylphenol (P 

\nethole (E 

Aniline (P 

o-Anisidine (P 

m-Anisidine (E 

Barbiturie acid (P 

Benzalacetone (EF 

Benzylaniline (E 

p-Benzylphenol (P 

p-Bromoaniline (P 

p-Bromoanisole (FE 

p-Bromoiodobenzene (EF 

Carvone (E 

Catechol (E 

o-Chloroaniline (P 

p-¢ hloroaniline (P 

o-Cresol (P 

m-Cresol (P 

2,4-Diaminotoluene (T 

Di-n-amylamine (EF 

Dichloramine T (E 
p-Dimethylaminoazobenzene hydrochloride (E 
2,4-Dinitro-1-naphthol-7-sulfonic acid (E 
2,4-Dinitrosoresorcinol (E 
}-Ethoxy-4-hydroxybenzaldehyde (P 

Ethyl p-nitrobenzoate (E 

Formanilide (E 

Guaiacol (E 

Hydroquinone diethyl ether (E 

8-H vdroxyquinoline sulfate (E 
0-lodoanisole (E 

p-Methoxybenzyl alcohol (EF 
Methyldiphenylamine (EF 

Methyl p-nitrobenzoate (EF 

o-Nitroaniline (E 

0 Nitrobenzaldehyde Kk 
m-Nitrobenzaldehyde (E 

m-Nitrobenzoyl chloride (E 

o Nitrophenol (E 

p Nitrophenol k 

o-Nitrophenol potassium salt (E 
o-Nitrophenol sodium salt (P 

p Nitrophenol sodium salt (E 
p-Nitrophenylhydrazine (E 
m-Nitrotoluene (E 
o-Phenetidine (P 
Phenobarbital Sodium 
1-Phenylbenzothiazole 
p-Phenylenediamine (E 
2-Phenylquinoline-4-carboxylie acid (EF 
Phenylthiourea (E 

Picramiec acid (E 

Pic ryl chloride (E 

n-Propylaniline (E 

Quinone (E 

Resorcinol diethyl ether (P 
Salicylic acid (E 


“ou 


comm. 


D.L.1. 


Sodium 5,5-diethylbarbiturate (comm. 
Thymol kK 

Trichloro-tert butyl alcohol (EF 
2,4,6-Trinitrophenylhydrazine (D.L.1 


2,4,6-Trinitroresorcinol (E 
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s-Tetrachloroethane (EF 
Tetrachlorophthalic anhydride (P 
o-Thiocresol EK 

p-Thiocresol (FE 


Minimum lethal concentration 0.33 to 
0.67 per cent. 


Acetyl o-anisidine (E 


Acetyl phenylhydrazine (E Thiophenol (E 
Acetylsalicylic acid (E o-Tolylhydrazine (P 
1 2,4,6-Trinitrobenzoic acid (EF 


p-Aminobenzenesulfonylamine (com'l. 


m-Aminophenol (P Veratraldehyde (EF 


»Aminophenol (EF _ ° : 
for ween Ms acid (E Slightly toxic compounds. (Affected the 
Antipyrine (P larvae adversely but did not cause 100 
Benzalaniline (FE ; per cent mortality at a concentration of 
Benzal chloride (EF 0.67 per cent): ‘ 

Benzaldehyde phenylhydrazone (EF mes . 

Benzamide (E) Acetoacetanilide (EF 

Benzeneazo-o-cresol (E Acetoacet-2-chloroanilide (E 

o-Benzylphenol (T Acetoacet-2,5-dichloroanilide (EF 

Benzyl] sulfide (E Acetyl diphenylamine (EF 


m-Chloroaniline (E Acetyl o-phenetidine (FE 
o-Chlorodipheny! (T Acetyl p-phenetidine (E 
Chlorohydroquinone (P o-Aminophenol (P 
2-Chloro-5-hydroxytoluene (E Anisic acid (P 

p-Chlorophenol (P p.p’-Azoxybis (benzoic acid) (1D).1.1. 
Cresidine (T Benzenesulfonic acid (P 

p-Cresol (P Benzidine (T 

p-Cyclohexylanisole (E Benzilic acid (FE 

Dibromobarbituric acid (E Benzoic anhydride (P 


2, 4-Dichloroaniline (E p Bromophenetole kK | 
2,4-Dihydroxybenzaldehyde (E n-Butylbenzene (E 
p-Dimethylaminoazobenzene (E p-Chloroanisole (E 

t,4’-Dinitroazoxybenzene (T p-Chlorobenzoie acid (EF 
1,5-Dinitronaphthalene (EF p-Chlorobromobenzene (1 
Diphenylformamidine (E p-Chlorophenetole (E } 
o-Ethoxybenzaldehyde (E o-Chlorophenol (E 

Gallie acid (E 2-Chloro-o-phenylphenol (‘1 


+-( hloro-o-pheny Iphenol P 


Hydroquinone monomethyl ether (E 
p-Chlorothymol (E 


p-Hydroxyazobenzene (E 


5-Hydroxy-1,3-dimethylbenzene (FE Cinnamic acid (E 
o-Hydroxydipheny! ) Cumene (E 
o-Hydroxydiphenyl sodium salt (P Cyclohexanol (E 
8-Hydroxyquinoline (E o-Cyclohexylphenol (I 


p-Methoxy-tert-amylbenzene (EF 2,5-Dichloroaniline (P 
Naphthalene (comm o-Dichlorobenzene (1 
a-Naphthylamine (EF m-Dichlorobenzene (E 
5-Nitro-2-aminoanisole (P p-Dichlorobenzene (source unknown 
p-Nitroaniline (E +,4'-Dichlorodipheny! (P 


Nitrobarbituric acid (E 2,4-Dichlorophenol (FE 
p-Nitrobenzeneazo a naphthol E 1,3-Dihydroxy-4 chlorobenzene (E 
m-Nitrobenzoic acid (T p-Diiodobenzene E 

p-Nitrobenzoic acid (T Dimethyl acridan (D.1.1 

p-Nitrobenzyl acetate (E Dimethylglyoxime (EF 

5-Nitrosalicylic acid (E 3,5-Dinitrobenzoic acid (I 
o-Nitrotoluene (E +, 4’-Dinitrodiphenylmethane (1 
Pentabromophenol (EF 2,4-Dinitro-4’-hydroxydiphenylamine (EF 
Pentachlorophenol (P 2,4-Dinitrophenetole (E 

m-Phenetidine (EF 2,4-Dinitrotoluene (EF 


p-Phenet ylurea Ek s-Diphenylethylenediamine I 


Phenol (E Diphenylnitrosoamine (P 
Phenoxyacetamide (EF Diphenylthiocarbazide (1 
N-Phenylglycine ethyl ester (E Formy] diphenylamine (EF 
Phenylhydrazine-p-sulfonic acid (EF p-Hydroxydiphenyl (E 
Phloroglucinol (EF lodobenzene (E 
o-Phthalic acid (E p-Methoxybenzophenone (FE 
Pyrogallol (E o-Methoxydipheny! (EF 
Quinaldine ethiodide (EF Methyl gallate (P 
Resacetophenone (P Naphthalene-§-sulfonyl chloride (FE 
Resorcinol (P a Naphthol T 
Resorcinol dimethyl ether (E 3-Naphthol = 
Sodium 4-nitrodiphenylamine-2-sulfonate (E p-Nitroacetanilide (E 
Sodium 4-nitro-4'-methyldiphenylamine-3-sulfo- m-Nitroacetophenone (E 
nate (T $-Nitro-2-aminoanisole (P 
Tannic acid (E o-Nitrobenzhydrazide (P 
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m-Nitrobenzhydrazide (E) 
o-Nitrobenzoic acid (EF 
2-Nitrobromobenzene-4-sulfonic acid (E 
4-Nitrochlorobenzene-2-sulfonic acid (E 
m-Nitrocinnamie acid (EF 
m-Nitrodimethylaniline (FE) 
o-Nitrodiphenyl ether (E 
p-Nitrodipheny! ether (FE 
Nitromesitylene (E 

m-Nitrophenol (E 

$-Nitrophthalic acid (EF 

$-Nitrophthalic acid (E 
3-Nitrophthalic anhydride EK 
$-Nitrosalicyclic acid (P 
Phenolphthalein (E 

Phenoxyacetic acid (E 

Phenylacetic acid (E 

Pheny leyclohexane \ k 
Phenyl-a-naphthylamine (E 
p-Phenylphenacy! chloride (E 

Pheny! salicylate (E 

Phthalic anhydride (E 

Sodium p-hydroxyazobenzene-p -sulfonate (E 
s-Tetrabromoethane (P 
1,2,4,5-Tetrachlorobenzene (E 
m-Thiocresol KE 

p-Tolylhydrazine (P 
$,4,5-Trimethoxybenzoic acid (E 


Xanthone (EF 


Non-toxic compounds. (Did not. kill 
any of the larvae or reduce their growth 
rate at a concentration of 0.67 per cent): 


2-Aceto-l-naphthol (E 
Acetyl o-aminobenzoice acid (E 
6-Acetyl phenothiazine D.1.1 
Acridone P 
1-Aminoanthraquinone (T 
Aminoanthraquinone (T 
2-Amino-5-azoanisole (EF 

I Aminoazobenzene kK 
2-Amino-5-azotoluene (EF 
2-Amino-5-azotoluene hydrochloride (E 
Aminodiphenyl (P 
p-Aminodiphenyl (P 
2-Amino-4-nitrophenol (EF 
Ammonium benzoate (comm 
Anisole EK 

Anthracene (source unknown 
Anthraquinone (EF 

p,p’- Azobis benzoi ie id DD l ] 
p,p’-Azobisbiphenyl (D.L.1 
p,p’-Azobisphenetole (D.L1. 
p,p’-Azobisphenol (D.1L.1 
p,p’-Azobistoluene (D.L1 
Benzaldehyde (EF 
Benzanilide (E 
Benzeneazoresorcinol (E 
Benzene hexachloride 4 
Benzil (E 

Benzoic acid KE 

Benzoin (E 

Benzoyl o-toluidine (E 
Benzylphenylnitrosoamine (EF 
Bromobenzene (E 
o-Bromobenzoic acid (E 
m-Bromobenzoic acid Kk 
p-Bromobenzoic acid (E 
o-Bromotoluene (E 
m-Bromotoluene (E 
p-Bromotoluene (E) 


. 
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sec-Butylbenzene (E 

tert-Butylbenzene (E) 

n-Butyranilide (E) 

Camphor monobromated (comm.) 

n-Caproanilide (E) 

Chloranil (E) 

8-Chloroanthraquinone (P 

Chlorobenzene (P) 

o-Chlorobenzoic acid (E) 

Chlorocyclohexane (E) 

o-Chlorotoluene (E) 

m-Chlorotoluene (E 

p-Chlorotoluene (E) 

Chrysene (P) 

m-Cresyl benzoate (E) 

p-Cresyl benzoate (E i 
pseudo-Cumene (T) 
Cyclohexane (E) 
Cyclohexanone (P 
Cyclohexylmethane (P 
p-Cyclohexylphenol (P 
(Cyclopentanone (E 
Diacetyl benzidine (P) 
2,4-Diaminodiphenylamine 
Dianisalacetone (P 
Dianisidine (T) 
Dibenzalacetone (E 
Dibenzylaniline (E 
p-Dibromobenzene (E 
+,4’-Dibromodipheny]! (EF 
2,4-Dibromo-a-naphthol (E 
p,p’-Dichloroazoxybenzene (E) 
+,4’-Dichloro-2,2’-dinitrodiphenyl (D.I.1.) 
+,4’-Dichloro-2,2'-dinitrodipheny! disulfide (E) 
2,4-Dichloro-1-naphthol (E 
2,6-Dichloro-4-nitroaniline (E 
1,5-Dihydroxyanthraquinone (P) 
2,4-Dihydroxyazobenzene-4'-sulfonic acid (E) 
+-Dimethylaminobenzene-1l-azo-1-naphthalene (P) 
+-Dimethylaminobenzene-1-azo-2-naphthalene (P) 
2,4-Dinitroaniline (E) 

Di-m-nitrobenzalacetone (P) 

3,5-Dinitrobenzoy! chloride (E 
2,4-Dinitrodiethylaniline (E 
2,2’-Dinitrodiphenyl (E i 
2,4-Dinitrodiphenylamine (EF 

p,p’-Dinitrodipheny! ether (E 

1,8-Dinitronaphthalene (E 

2,4-Dinitrophenylacetic acid (E 

Di-o-nitropheny! disulfide (P 

Di-p-nitropheny! disulfide (P 

a,3-Diphenoxyethane (EF 

a, y-Diphenoxypropane (E 

m-Diphenylbenzene (E 

p-Diphenylbenzene (E 

s-Diphenylearbazide (E 

Dipheny] disulfide (E 

$,5-Diphenylglyoxalone (E 

s-Diphenylthiourea (E 

Ethyl p-aminobenzoate (comm. \ 
Ethylbenzene (E 

Ethyl N, N-diphenylcarbamate (EF 
Ethyl p-nitrocinnamate (E 
Glycerin (comm. 
Hexachlorobenzene (E 
Hexamethylbenzene (EF 
Hydroecinnamic acid (E 
o-Hydroxybenzalacetophenone (EF 
p-Hydroxybenzophenone (P 
Indigotin (P) 

Indole (source unknown 
o-lodobenzoic acid E 


P 
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p-Iodotoluene (EF 2,4,5-Trichlorophenol (P 
Lepidone (EF 2,4,6- Triiodophenol LD 
Mesitylene (E 2,4,6-Trinitro-1,3,-dimethyl-5-tert-but ylbenzene 
Methyl o-nitrobenzoate (E (E 
=~ thyl m-nitrobenzoate (E Triphenylamine (E 
Naphthale ne tetrachloride (E 1,3,5-Triphenylbenzene (E 
8-Naphthyl isocyanate (E Triphenylearbinol (T 
8-Naphthyl salicylate (E Triphenylchloromethane (EF 
o-Nitroacetanilide (E Triphenylmethane (EF 
3-Nitro-4-acetylaminoanisole (EF Tripheny! phosphate (P 
3-Nitro-4-aminoanisole (E Tripheny! thiophosphate (E 
3-Nitro-4-aminophenetole (E Urea (comm. 
3-Nitro-4-aminotoluene (EF iso-Valeranilide (EF 
t-Nitro-2-aminotoluene (EF o-Xylene (E 
m-Nitroaniline (EF m-Xylene (E 
2-Nitroanthraquinone (‘T p-Xylene (E 
m-Nitrobenzalacetophenone (EF 
o-Nitrobenzaldehyde phenylhydrazone (EF It must not be inferred that any par- 


p-Nitrobenzamide Kk 
m-Nitrobenzenesulfony! chloride (EF 
p-Nitrobenzhydrazide (E 


ticular compound or group of compounds 
discussed herein is recommended for prae- 


p-Nitrobenzoyl chloride (EF tical serewworm control. 
& Y . ee > , rae . 
2-Nitro-4-chloroaniline I Disc USSION. lo determine whether a 
t-Nitro-2-chloroaniline (P wer hi aiste between the chemical 
2-Nitro-p-cymene KE rela lonship eXIS Ss i” et nh le Chemica 
p-Nitrodimethylaniline (EF constitution of an organic compound and 
p-Nitrodiphenyl (P its toxicity to serewworm larvae, the 551 
2-Nitrodiphenylamine 2 compounds listed were divided into differ- 
t-Nitrodiphenylamine (EF . . 
a ; ent classes according to their chemical 
3-Nitrodiphenylene oxide (E . 
Nitroeuanidine (E structure. A multisubstituted compound 
p-Nitroiodobenzene (E containing groups belonging to more than 
p-Nitromethylaniline (E one class was placed in all classes con- 
t-Nitro-4 -methyldiphenylamine P smane | 

\ P > cerned, €.g., a compound containing oth 
p-Nitrophenylglycine (EF ° 
p-Nitrophenyl mereaptan (D.1.1 halogen atom and an amino group was 
3-Nitrophthalimide (EF considered both as a halogen compound 
t-Nitrophthalimide (E and as an amine. 
p-Nitrosodiphenylamine (F ah is . 

a) ; Phe principal classes are as follows: 
n- ctadecyl alcohol bE : pa 
Oxanilide (E Nitro compounds 28.7 per cent, halogen 
Pentachloroethane (T derivatives 91.3 per cent, phenols 15.3 
, . > > “ . . 
Phenetole (FE per cent, compounds containing methoxyl 
Phenothiazine sulfoxide (D.1.1 . ~ . tt 

> : or ethoxyl radicals 10.7 per cent, primary 
p- Phe *nylacetophe none (E S pe ay 
N-Phenylanthranilie acid (FE amines 9.5 per cent, azo compounds 3.6 
Phenylbenzoate E per cent, hydrocarbons 4.7 per cent, and 
Phenyl carbonate (E quinoline derivatives 3.1 per cent. A wide 
N-Phenylglycine (E Tae . . , 

; ~~ , variety of other substituents is also repre- 
Phenyl-s-naphthylamine (1 : : . 
Phthalimide (E sented, but the number of these is too 
Primuline (T few to be of statistical value. 
4 one Sicenen i A compound is considered to be of out- 

sOrcino enzoate (E : er er 2 

ee ee Soe . standing toxicity if it killed all larvae at 
Resorcinol monoethyl ether (E ° <r” 
Resorcinol monomethvl ether k a CONnCE ntration of 0. 10 per cent or lower. 
Retene (E Of the 26 hydrocarbons tested only 
Rufigallol (T phenanthrene and diphenyl were of out- 
Salicylacetic acid (E standing toxicity. The non-toxicity of 
Sodium benzoate (comm - | . ' f s | p if z l. 
Sodium citrate (comm. toluene may ACC oun or Dy Its vo a- 
Sodium 2,4-dinitrobenzenesulfonate (T tility, a factor which makes it also im- 
Sudan II (comm. i practical to test benzene by the jar 
letrachloroethylene (E ; method. 
2,2’,4,4'-Tetranitrodi iphenyl bE om , ; : , = | 
2,2’,4,4’-Tetranitrodipheny! disulfide (EF Pwenty-six ‘ derivatives of dip reny 
Toluene (E were tested. The p-chloro derivative was 
t o-Telyleeo -o-toluidine (D.L.1 somewhat more toxic than diphenyl, 
Pribenzylamine (E whereas the p-bromo and p-methoxy 


2,4,6-Tribromoanisole (EF alendine ane al to the mavent com> 
24.6 Tribromophenol P aerivatives were equa Oo i¢ pare n 


1,2,4-Trichlorobenzene (E pound. All other derivatives, including 
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p-iododiphenyl, were considerably less 
toxie than diphenyl. 

The introduction of a chlorine atom in 
the para position of one of the benzene 
rings enhanced toxicity, but chlorine sub- 
stituted in the ortho position reduced 
toxicity. When both benzene rings were 
substituted with halogen in the para posi- 
tions, the resultant compounds (4,4’-di- 
bromodiphenyl, +,4’-dichlorodipheny]) 
had little or no toxicity. 

A nitro or hydroxyl group in the para 
position destroyed the toxicity of di- 
phenyl. 

Early in these studies it was found that 
some of the more promising compounds 
possessed a nitro group. For this reason 
and because of their accessibility 158 
compounds containing this group were 
tested. Thirty-six of these displayed out- 
standing larvicidal action. With the ex- 
ception of p-nitroiodobenzene, which was 
non-toxic, and picryl chloride, which was 
moderately toxic, all the nitro-halogen 
combinations were outstandingly toxic. 
The observation that p-nitroiodobenzene 
is non-toxic to the screwworm is of espe- 
cial interest, since Siegler, Munger, and 
Smith (1939) have shown that this com- 
pound possesses greater promise against 
codling moth larvae than do other nitro- 
halogen benzenes. On the other hand, 
Fink et al. (1938) have reported p-nitro- 
iodobenzene to be non-toxic to mosquito 
larvae. 

Fifty-one of the compounds tested con- 
tained a primary amino (NHb.) group. 
Only one of these, diazoaminobenzene, 
showed outstanding toxicity. The intro- 
duction of a primary amino group greatly 
reduced or destroyed the toxicity of many 
compounds. 

All compounds of the group comprising 
quinoline and 16 of its derivatives were 
toxic and 12 of them outstandingly so. 

One hundred and seventeen compounds 
containing one or more halogen atoms 
were tested. Eighteen of these were of 
outstanding toxicity, but fourteen of 
these eighteen possessed a nitro group and 
one Was a derivative of quinoline. Two of 
the compounds were derivatives of di- 
phenyl (the p-chloro and p-bromo). The 
other halogen compound was B-iodo- 
naphthalene. 

As azobenzene was found in early tests 
to be very toxic, it was deemed worth 
while to evaluate some of its derivatives. 
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Of thirty-one azo compounds tested, four 
azoxybenzene, benzeneazodiphenylam- 
ine, diazoaminobenzene, and hydrazo- 
benzene—proved to be equal to or slightly 
better than the parent compound. 

Kighty-four of the compounds tested 
possessed one or more aromatic hydroxyl 
groups. Ten such compounds showed out- 
standing toxicity. One was a quinoline 
derivative and nine were phenols having 
two or more nitro groups, or one nitro 
group and one or more halogen atoms. It 
is possible to consider eight of these com- 
pounds as hydroxyl derivatives of toxic 
nitro compounds and assume that the 
introduction of the hydroxyl group did 
not greatly affect toxicity. While little 
toxicity was shown by 3,5-dinitrobenzoic 
acid, its hydroxyl derivative, 3,5-dinitro- 
salicylic acid, was very toxic. 

Fifty-nine of the compounds studied 
possessed one or more methoxyl or eth- 
oxyl groups. Of the twelve that may be 
regarded as of outstanding toxicity, six 
possessed one or more nitro groups. The 
other six highly toxic compounds were 
anisalacetone, anisaldehyde, — p-meth- 
oxyacetophenone, — p-methoxydiphenyl, 
methyl anisate, and veratrole. 

Regarding the toxicity of isomeric de- 
rivatives of benzene no relationship could 
be found between the position of the 
groups and toxicity to serewworm larvae. 

That no simple relationship between 
chemical constitution of an organie com- 
pound and its toxicity to serewworm 
larvae exists can be seen readily. For 
example, the introduction of a nitro radi- 
cal into the para position of anisole, a non- 
toxic compound, produces a very toxic 
compound, whereas the introduction of 
a nitro group into the same position in 
diphenyl, a very toxic compound, yields 
a non-toxic compound. This effect is not 
confined to the nitro group but is shown 
also by other substituents. 

Although these studies have revealed 
no basis from which the toxicity of a pros- 
pective larvicide may be predicted, it 
appears that some groups show more 
promise than do others. For example, in 
further studies the chance of obtaining 
materials toxic to young screwworm lar- 
vae should be better in compounds bear- 
ing nitro groups than in compounds bear- 
ing amino groups. 

SummMary.—As a means of selecting 
materials for use in field tests in protect- 
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ing wounds against screwworm infesta- 
tion, a large number of organic com- 
pounds were tested in the laboratory. 
Test materials consisting of ground lean 
heef, bovine blood, water, and sufficient 
formaldehyde to retard putrefaction were 
mixed in a nutritional medium. Newly 
hatched Cochliomyia americana, larvae 
were placed on this treated medium. Com- 
pounds were evaluated on the basis of the 
lowest concentrations that produced 100 
per cent mortality within 3 days. 

A total of 551 organic compounds are 
listed according to minimum lethal con- 
centration and relative toxicity with re- 
gard to phenothiazine and rotenone. Of 
these, 284 showed little or no toxicity at 
a concentration of 0.67 per cent, 190 
killed all larvae at concentrations of 0.17 
to 0.67 per cent, and 77 compounds, con- 
sidered to be of outstanding toxicity, were 
lethal at a concentration of 0.10 per cent 
or less. Of these highly toxic compounds 
10 were less toxic than rotenone, 25 were 
equal in toxicity to rotenone (minimum 
lethal concentration 0.05 to 0.08 per cent), 
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31 were equal in toxicity to phenothiazine 
(minimum lethal concentration 0.08. to 
0.05 per cent), and 11 were more toxic 
than phenothiazine (minimum lethal con- 
centration 0.03 per cent or less). 

The 11 compounds found to exceed 
phenothiazine in toxicity were: cincho- 
nine, m-dinitrobenzene, 2,6-dinitro-4- 
chlorophenol, 3,5-dinitro-o-cresol, 2,4-di- 
nitro-6-cyclohexylphenol, methylphenyl- 
nitrosoamine, o-nitroanisole, p-nitroani- 
sole, p-nitrobenzonitrile, p-nitrophene- 
tole, and p-nitrophenylacetonitrile. 

Although these studies have revealed 
no basis from which the toxicity of a pros- 
pective larvicide can be definitely pre- 
dicted, it is evident that some groups 
show more promise than do others. For 
example, of 158 nitro compounds 36 were 
outstandingly toxic, while of 51> com- 
pounds containing a primary amino group 
only 1 showed outstanding toxicity. Of 
the compounds comprising quinoline and 
16 of its derivatives all were toxie to the 
screwwormsand 12 of them outstandingly 
so. — 3-20-40. 


LITERATURE CITED 


Bushland, R, C. 1940. Laboratory studies on the toxicity of phenothiazine ind certain related com- 
pounds to young screw-worm larvae Jour. Econ. Ent. Ent. 33/4) 666-9, 
Campbell, F. L., W. N. Sullivan, L. E. Smith and H. L. Haller. 1934. Insecticidal tests of synthetic 


organic compounds —chiefly tests of sulfur compounds against culicine mosquito larvae. Jour 


Econ. Env. 27(6):1176-85 


Fink, D. E., L. E. Smith, D. L. Vivian and H. V. Claborn. 1938. Toxicity tests with synthetic organic 


compounds against culicine mosquito larvae 
Siegler, E. H., F. Munger and L. E. Smith. 1939. Toxicity to the codling moth larva of deriva 


Bur. Ent. and Plant Quar. Mimeo. Cire. E-425 
ti 


es of 


benzene containing halogen and nitro groups. Jour. Econ. Ent. 32(1):129 51 


further Tests with Concentrated Mixtures for 
\erial Spraying 


S. F. Ports and R. R. Wurrtes, U 


S. Department of Agricult 


Bureau of Entomology and Plant (Quarantine 


The development of concentrated spray 
mixtures for aerial spraying is believed to 
be an important step toward a more 
effective and less expensive means of in- 
sect control. Potts (1939a) reported suc- 
cessful control of the gypsy moth, Por- 
thetria dispar (L.), with a concentrated 
arsenical mixture applied with an auto- 
giro. This mixture was approximately 100 
times as concentrated as ordinary ar- 
senical spray. Potts (1989b) also reported 
that many insecticidal mixtures can be 
successfully prepared and applied in a 
much more concentrated form than is 


generally used. Several of these mixtures 
were applied with an autogiro to wood- 
land plots at Whitesbog, N. J., in 1937, 
so that the comparative merits of various 
spreading agents, adhesives, arsenicals, 
and substitutes for arsenicals, when used 
in concentrated mixtures, might — be 
studied. 

Twenty-two acre-and-a-half plots were 
selected for these tests. They were widely 
separated to compensate for driftage, and 
each consisted of a strip equal to the 
width of one swath of spray material ap- 
plied by the autogiro. The growth con- 
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sisted of scrub oak, post oak, pitch pine, 
and wild black cherry. All trees ranged in 
height from 10 to 25 feet. Approximately 
100 acres of similar growth immediately 
surrounding the treated plots served as 
a check area. The terrain was level, thus 
enabling the pilot to fly within a few feet 
of the treetops. 
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ments was applied to each plot. The 
figures in the spray formulas represent 
parts by weight. Spreader A is alkyl- 
phenylbenzene sulfonic acid and spreader 
B is a water-soluble sulfonic acid of pe- 
troleum. The fish oil was used as an ad- 
hesive and the paraffin oil and motor oil 
were added to prevent the fish oil and 





Fic. | \utogiro, with cups of the air-driven agitating device on top of tank. 
The atomizing device is shown on the undercarriage. 


The autogiro, with cups of the air-driven 
agitating device on top of the tank and 
the atomizing device underneath the 
fuselage, is shown in figure 1. This spray- 
ing apparatus consisted of a 54-gallon 
tank mounted in the front cockpit of the 
autogiro, from which an outlet pipe led 
down through the fuselage to a dispersing 
unit mounted on the undercarriage be- 
hind the propeller of the autogiro. The 
spray mixture was released by a lever 
operated valve and was conducted by 
gravity to the dispersing unit. The dis- 
persing unit consisted of a pipe at one end 
of which was attached a small 10-bladed 
air-driven propeller for rotating the 
atomizing device, and at the opposite end 
a hollow, bafHed, double dise collar which 
threw off the spray mixture by centrifugal 
force at right angles to the blast of the 
autogiro propeller. 

One of the following insecticidal treat- 


atomized spray from drying too quickly. 


1. Lead arsenate 1, fish oil 0.4, water 3. 

2. Lead arsenate 1, fish oil 0.2, paraffin oil 0.2, 
spreader B 0.1, water 3. 

3. Lead arsenate 1, paraffin oil 0.4, water 3. 

+. Calcium arsenate 1, fish oil 0.4, water 2. 
5. Derris 1, fish oil 0.4, water 5.6. 

6. Copper sulfate 1, lime 1, calcium arsenate 1, 
fish oil 0.6, water 7.5. 

7. Lime sulfur 1, fish oil 0.1, spreader A 0.0075. 

8. Lead arsenate 1, fish oil 0.1, paraffin oil 0.1, 
water 3. 

9. Lead arsenate 1, fish oil 0.2, spreader A 0.1, 
water 1.8. 

10. Calcium arsenate 1, fish oil 0.2, water 2.1. 

11. Derris 1, fish oil 0.2, spreader B 0.07, paraffin 
oil 0.2, water 5. 

12. Free nicotine (50 per cent) 1, fish oil 6, motor 
oil (S.A.E. 40) 2, water 33. 

13. Nicotine sulfate (40 per cent) 1, fish oil 6, 
motor oil (S.A.E. 40) 2, spreader A 0.5, 
water 35. 

14. Derris extract 1, acetone 1, fish oil 4, spreader 
A 0.5, water 37 

15. Copper sulfate 1, lime 1, lead arsenate 1, fish 

‘ 


oil 0.6, sugar 0.1, spreader B 0.1, water 7.5. 
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16. Quebracho-fixed nicotine’ 1, fish oil 0.27, 
water I. 

17. Quebracho-fixed nicotine 1, fish oil 0.27, 
paraffin oil 0.06, water 1.7. 

18. Lead arsenate 1, fish oil 0.24, spreader A 
0.04, water 1.5 

19. Lead arsenate 1, fish oil 0.16, paraffin oil 
0.08, spreader \ 0.04, water 2 

20. Lead arsenate 1, fish oil 0.1, water 3. 

21. Lead arsenate 1, fish oil 0.24, spreader B 
0.08, water 2. 

22. Calcium arsenate 1, fish oil 0.24, paraffin oil 
0.08, spreader \ 0.04, water 2.5. 


In treatments 5 and 11 a total of 15 
pounds of derris powder (containing 4 
per cent rotenone) per plot, and in treat- 
ment 14 a total of 2 pounds of derris ex- 
tract (containing 25 per cent rotenone and 
75 per cent of derris resins) was used. 
Treatments 12, 13, 16 and 17 received 1.0, 
0.8, 1.3, and 1.3 pounds of nicotine respec- 
tively. The arsenical treatments were 
made up of 10-28 pounds of arsenical in 
each. In woodland ground spraying with 
nicotine sulfate at the rate of 1 pound per 
100 gallons of water, plots of 15 acres re- 
quire 2.4 to 4 pounds of nicotine, and 
with the arsenical at the rate of 8 pounds 
per 100 gallons of water such plots require 
IS to 30 pounds of the poison. 

The derris extract mixture (treatment 
14) was prepared by dissolving the pow- 
dered derris extract in its weight of ace- 
tone and then adding the fish oil. When 
this mixture is added to water a small 
quantity of an emulsifier or spreading 
agent is necessary; this is true also when 
nicotine sulfate in oil is added to water. 
When nicotine sulfate is applied as a 
stomach large quantities of 
spreader or water containing alkalies 
should be avoided since they tend to re- 
lease the nicotine. In preparing mixtures 
containing free nicotine no spreader is 
needed since free nicotine solution in oil 
mixes well with water and spreads ex- 
cellently. Quebracho-fixed nicotine con- 
sists of free nicotine fixed by an extract 
of the wood of the quebracho tree. Nico- 
tine fixation is effected largely by the non- 
tannin constituents of the extract and is 
prepared as a thin paste or concentrate in 
water. Quebracho-fixed nicotine is much 
more promising than nicotine fixed by the 
tannin from Chinese insect galls. Thirty 
pounds of this material was used per plot 
in treatments 16 and 17; it contained 1.3 


potson, 


A new insecticide prepared for the writers by C. H. Batchel 
der of the Bureau of Entomology and Plant Quarantine. 


pounds of nicotine of which 70 per cent 
was water soluble. The proportions of the 
ingredients in quebracho-fixed nicotine 
may be varied according to the desired 
fixation, nicotine content, adhesiveness, 
and atomizing qualities. 

Treatments 1 to 7 were applied on 
June 23, treatments 8 to 15 on July 21, 
and treatments 16 to 22 on August 5. 

Three leaf samples from oaks in each 
sprayed plot were taken for spray-residue 


Table 1.—Quantities of insecticide remaining 
on foliage following application of various spray 
mixtures. 








ARS? PRiox 
Rest &, Mick | 
KAMS PER SQUAR PreRceNTAGE 
INncn Rainras F Deposs 
BETWEEN on Leaves 
Ine A I at ™~ ! ( 1 - =F 
MENT Collection Collection INcueEs* COLLECTION 
l 107 74.6 2.2 70 
4 26.6 10s y 2? Ti 
55.4 11.8 1 
4 14.4 550 > ‘ 
th 230 1 , 4 
s Sample lost +0 +.2s 
” mo Ss. +. 2s 41) 
Ww 19.0 5.7 + 2s 71) 
17 25.0f +8 al 15 
Is 67 O06 lh! oo 
1” 62.4 2005 , wv ‘ 
70 75.4% 6.7 , Os 0 
21 9.5 24.1 2.0 Ww 
22 $2.2 24.1 2.03 7 
* Rainfall records were taken by C. 5. Beckwith, of the New 
Jersey Agricultural Experiment Station, at Pembe« n, 5 4 
from Whitesbog 
t These figures refer to n grams of nicOtine per square 


inet 


analysis. These included one from a tree 
near the center and one from each of the 
two opposite sides, trees with average 
coverage for the section of the plot in 
which they were located having been se- 
lected for tagging. The combined area of 
the three leaf samples ranged from 461 
to 1,460 square inches. The first leaf col- 
lection was made within a few hours after 
treatment and before there was any pre- 
cipitation; the second collection was made 
28 days after treatment in plots 1 to 15 
and 18 days after treatment in plots 16 
to 22. Each leaf sample was measured 
for area and analyzed for spray deposit. 

The results of the spray-residue analy- 
sis for all treatments except Nos. 5, 7, 11, 
12, 13, 14, 15, and 16 are presented in 
table 1. With the exception of treatment 
17 no analyses were made of the spray 
residues in any of the nicotine, derris, 
lime sulfur, or bordeaux treatments. 

It was estimated that 50 per cent of the 
deposit of treatment 15 (bordeaux mix- 
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ture) remained on the foliage after 12.36 in trays. Foliage was placed in the trays 
inches of rainfall and that 55 per cent of after various periods of exposure, and 
the deposit of treatment 7 (lime sulfur) fresh foliage from the sprayed plots was 
remained on the foliage after 4.28 inches added each day throughout the period of 
of rainfall. It was impossible to estimate the experiment. To measure the relative 


Table 2.—Effectiveness of the different spray mixtures on Anisota senatoria \arvae after various 


periods of exposure. 








PeRIopD FRASS PER 
RAINFALI or Tray LARVA 
Exposuri DURING EXPERI- Dry Wercnt CoMPARED 
Preriop, Pertion, MENTS, NUMBER or Frass, with Cueck, Perr Cent 

TREATMEN Days INCHES* Days or LARVA! GRAMS Per Centt KILL 
l 47 t.58 9 98 0.047 0.15 100 
56 6.53 10 98 615 1.18 99 

2 +7 £58 rt 103 O71 2) 100 
56 6.53 10 109 566 94 100 

4 +7 $.58 9 100 667 2.038 100 
56 6.538 10 102 2.630 $.65 91 

t 7 $58 5 98 108 $2 100 
56 6.538 10 99 2.710 4.94 97 

8 19 2 S34 $ 100 055 17 100 
IS + 2S 10 97 1.980 8.68 97 

9 19 2 354 t 101 106 32 100 
28 $+ .28 10 100 .798 1.45 96 

Ww 19 2.3 9 99 201 62 100 
28 + 28 10 95 20 868 39.68 67 

i] 16 2.38 r 103 280 68 100 
22 3.87 8 100 3.130 9.52 54 

12 16 2.33 14 104 1. 260 8.68 100 
22 } 87 8 100 8.210 9.76 54 

3 16 2 35 14 100 9.580 29.18 64 
22 3.87 ~ 100 +. 270 12.98 74 

14 16 2 33 14 100 3. 460 10.52 57 
22 $3.87 8 100 3.250 9.88 55 

15 19 2.34 S 95 .140 45 100 
28 +28 10 100 2.430 4.39 93 

17 l oo t 200 O76 12 100 

7 1.62 6 97 O80 25 100 

13 2 03 10 O4 10.947 91.02 76 

IS } 09 1 102 0380 09 100 
13 2 05 q 102 1.660 9 94 100 

19 + ao t 102 050 15 100 
iB: 2 0% 10 100 812 1.47 100 

”) t Ti) } 99 OS0 09 100 
13 2 08 10 108 648 1.14 100 

4 } Oo | 101 110 28 100 
13 2 08 10 106 $95 67 100 

22 ) oo 9 101 260 78 100 
13 2.03 10 115 11.770 18.47 7 

Check 14 200 65.780 100.00 6 
10 200 110.820 100.00 3 

° .— ecords were taken by C. S. Beckwith, of the New Jersey Agricultural Experiment Station, at Pemberton, 5 miles 
tl percentages in all experiments ering 10 days and in the second experiment of treatment 18, which covered 7 days, were 
I nd were based on the first check 





the percentage of the nicotine and derris — effectiveness of a treatment, the average 

deposits that remained on the foliage. quantity of frass voided per larva feeding 
To determine the effectiveness of the on sprayed foliage was compared with the 

various spray residues, oak foliage, from average quantity voided per larva feeding 

all plots except those receiving treatments on unsprayed foliage. 

5, 6, 7, and 16, was fed to fourth- and The results of these experiments are 

fifth-instar larvae of the orange-striped — given in table 2. 

oak worm, .Anisota senatoria (S. & A.) In measuring the effectiveness of the 
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mixtures as shown in tables 1 and 2 cer- 
tain factors were found to be highly im- 
portant, namely, the quantity of insecti- 
cidal material applied, the kind and pro- 
portion of oil and spreader added, the 
number of days the deposit was exposed 
in the field before being fed to the larvae, 
the amount of rainfall, and the degree of 
adherence. 

The increased spreading power of the 
mixtures due to the two spreading agents 
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used to an average of 80 feet when a 
spreader was used. In the arsenical plots 
where no spreader was used there was an 
average of 37.4 droplets of spray per 
square inch of leaf surface on the outer 
edges of the plots and 26 per square inch 
in the center of the plots. The droplets 
averaged 0.33 millimeter in’ diameter, 
Seven per cent of the droplets were 1.5 
millimeters or larger in diameter. The 
droplets were largest in a strip KO to 50 


Fr 4 \, leaf from plot where no spreader was added to the spray mixture, LS, le 


from plot where a spreader was added to the mixture 


is shown by a comparison of parts A and 
B of figure 2. The best results with 
spreaders was obtained in treatments 2 
and 9. The use of a spreader in treatment 
18 made it possible to reduce the propor- 
tion of water to 1.5 pounds for each pound 
of lead arsenate. It was also possible to 
apply this concentrated mixture at the 
low rate of 3 gallons per acre, thus result- 
ing in a great saving in weight, and a great 
reduction in the cost of aerial application. 
The spreading agents permitted a much 
finer atomization of the mixtures and in- 
creased the width of the swath from an 
average of 60 feet when no spreader was 


feet wide in the center of the swath, 
whether the autogiro was flying with or 
against the wind. 

In order to determine the size of droplet 
required to kill larvae of a given size, leaf 
dises 6 millimeters in diameter from 
foliage of the plot given treatment | were 
fed to 200 isolated fourth-instar larvae of 
Anisota senatoria averaging 24 milligrams 
in weight. There was one measured drop- 
let of spray on each disc. The larvae ate 
one droplet each, after which they were 
offered unpoisoned foliage. The smallest 
droplet that killed all larvae was 0.3 milli- 
meter in diameter. The leaf area that any 
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larva of this weight would have to eat to 
get a toxic dose ranged from 0.02 to 0.04 
square inch, with an average of 0.0214 
square inch. 

The toxicity of the organic mixtures 
diminished rapidly through weathering. 
In the mixtures and quantities applied 
the organic insecticides compared favor- 
ably with the arsenicals, however, during 
the first few days of exposure, and even 
after relatively long periods, with heavy 
rains, a considerable portion of the toxic 
principles remained or the foliage, as 
shown by the per cent kill in table 2. 

In the first and second series of experi- 
ments larvae feeding on foliage given the 
13 arsenical treatments voided on an 
average 0.44 and 6.57 per cent as much 
frass, respectively, as the larvae feeding 
on untreated foliage. In the first series of 
experiments larvae feeding on foliage 
given the derris, derris extract, free nico- 
tine, nicotine sulfate, and quebracho-fixed 
nicotine treatments voided 0.68, 10.52, 
3.68, 29.18, and 0.19 per cent as much 
frass, respectively, as larvae feeding on 
untreated foliage. In the second series of 
experiments they voided 9.55, 9.88, 9.76, 
12.98, and 21.02 per cent as much frass, 
respectively, as larvae feeding on un- 
treated foliage. 

The poorest adherence and most severe 
injury to the foliage of wild black cherry 
resulted from the treatments in which 
paraffin oil was used without the addition 
of fish oil. Good adherence but consider- 
able injury to the foliage occurred from 
treatment 7, owing to the interaction of 
the oil and lime sulfur. In the arsenical 
mixtures 0.2 pound of fish oil per pound 
of arsenical appeared to give sufficient ad- 
hesiveness for most conditions. 

On an average 16 pounds of arsenical 
per acre was applied in the 14 treatments 
containing lead arsenate and = caleium 
arsenate. This gave an average deposit of 
242 micrograms of arsenical per square 
inch of foliage. Although several of these 
mixtures contained materials which re- 
duced the adherence, on an average 54 
per cent of the initial deposit remained on 
the foliage after 3.36 inches of rainfall. In 
October, after 17 inches of rainfall and 


nearly 4 months of exposure, a consider- 
able portion of the initial deposit was 
visible on the foliage. 

SumMaArRyY.—In order to determine 
whether certain concentrated spray mix- 
tures could be successfully applied from 
the air, and to study the comparative 
merits of various spreading agents, ad- 
hesives, arsenicals, and substitutes for 
arsenicals when applied in concentrates, 
twenty-two mixtures were applied to 
woodland plots by an autogiro. 

Fresh foliage from most of the plots 
was fed to fourth- and fifth-instar larvae 
of the orange-striped oak worm, Anisota 
senatoria (S. and A.). The degree of con- 
trol was determined by comparing the 
amounts of frass passed by larvae feeding 
on sprayed and on unsprayed foliage. 
These foliage samples were taken 1 to 56 
days after treatment and in all cases the 
spray residue was sufficient to kill some 
of the larvae. 

The arsenical sprays were more toxic 
than were the organic sprays after the 
longer periods of exposure. The toxic 
principles of derris, derris extract, nico- 
tine sulfate, free nicotine, and quebracho- 
fixed nicotine remained on the foliage in 
effective quantities after 2 to 3 weeks’ 
exposure. 

With the exception of lime-sulfur none 
of the mixtures caused any injury to wild 
black cherry foliage. 

Nondrying oils and spreaders reduced 
adherence, but drying oils increased ad- 
herence. Mixtures containing a drying oil, 
such as fish oil, gave a heavy deposit and 
good adherence after 4 inches of rainfall. 
Two-tenths of a pound of fish oil per 
pound of arsenical gave sufficient ad- 
herence for most conditions. 

Certain spreaders increased the atom- 
ization, width of swath, and spreading 
qualities of the mixtures. They facilitated 
the mixing of the materials and made 
possible a considerable reduction in the 
amount of water required to make a fluid 
mixture. One and one-half pounds of 
water per pound of lead arsenate was 
sufficient for good results when a spreader 
was added.— 1-29-40. 
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Boll Weevil Control with Calcium Arsenates Containing 
Different Percentages of Water-Soluble Arsenic Pentoxide 


R. C. Gatnes, UV 


S. De partment of Agriculture, Bureau 


of Entomology and Plant Quarantine’ 


Calcium arsenates containing different 
percentages of water-soluble arsenic pen- 
toxide by the New York method were 
tested against the boll weevil, Anthono- 
mus grandis Boh., at Florence, 3. C., 
Gainesville, Fla., State College, Miss., 
and Tallulah, La. Tests were also started 
at College Station, Texas, by J. C. Gaines 
of the Texas Agricultural Experiment 
Station and at Waco, Texas, by k. P. 
Ewing, but were not completed because 
weather conditions were such that boll 
weevils were so reduced in numbers that 
practically no injury occurred. The tests 
during 1939 reported herein are a con- 
tinuation of those made in 1988 which 
have been reported by the author (Gaines 
1939). 

PLrots AnD TREATMENTS.—The one- 
thirtieth acre plots were arranged in ran- 
domized blocks and each treatment was 
replicated from 2 to 6 times in each lo- 
cality, making a total of 23 replications. 
The treatments consisted of calcium ar- 
senate containing, on the average, 0.5, 
4.6, and 10.3 per cent of water-soluble 
arsenic pentoxide as determined by the 
New York method? and untreated checks. 
These calcium arsenates have been desig- 
nated as low, intermediate, and high, 
respectively. 

The calcium arsenates were applied 
during the early morning with single- 
nozzle rotary hand guns at the rate of 
6.5 to 8.5 pounds per acre at approxi- 
mately 5-day intervals. The treatments 
were begun, if possible, when about 10 
per cent of the squares were found to be 
infested by boll weevils. 

Recorps.—The _ infestation 
percentage of squares punctured) were 
made at approximately 5-day intervals on 
the day preceding a poison application. 
A total of 200 squares were examined on 


rece yrds 


1 Records at Florence, S. ¢ were ule | F. F. Bondy’ 
R. L. Walker, and Minter Dupree; at Gainesville, Fla., by C.S 
Rude, G. H. Rainwater, L. C. Fine, and Horace Ree st State 
College, Miss., by R. I MeGarr, | I MeClair ind ¢ \ 
Wilson: and at Tallulah, La., by R. Gaines, M. T. Young 
G. L. Garrison, C. A. Richmond, H, W. Frings, and H, ¢ 
Massey 

2 All chemical analyses were furnished by the Division of In 
secticide Investigations of the Bureau of Entomology and Plant 


Quarantine. 


the four middle rows in each plot and all 
punctured squares, both egg and feeding 
punctures, recorded. The infestation ree- 
ords made during the dusting period 
were averaged for each plot but records 
made prior to that period were not in- 
cluded in the averages. Cotton was picked 
from the four middle rows of each plot, 
the picking area being one-sixtieth of an 
acre. 

The boll weevil infestations and yields 
at the different localities in 1939, together 
with the averages for 1938 and for 1988 
and 1939 combined, are summarized in 
table 1. The average infestation for both 
vears for low calcium arsenate was 18.9 
per cent, for intermediate 17.6 per cent, 
for high 17.2 per cent, and for untreated 
34.7 per cent. The average increase in 
vield for low calcium arsenate was 4.5 
pounds per plot, or 25.0 per cent, for 
intermediate 3.6 pounds, or 18.4 per cent, 
and for high 3.7 pounds, or 18.9 per cent. 

The analyses of variance of infestations 
and of yields at the different localities 
with the cheeks included and with the 
checks omitted are given in table 2. When 
the checks were included in the analyses 
it will be noted that the differences be- 
tween the treatment infestations are 
highly significant at three localities, sig- 
nificant at one, and non-significant at one 
locality. When the checks were not in- 
cluded the differences between treatment 
infestations are non-significant at all lo- 
calities. The infestation data recorded in 
observed percentages were transformed 
into equivalent angles, a unit that is not 
dependent upon the theoretical propor- 
tion. Conclusions from the analyses of 
variance with equivalent angles were 
identical to those with percentages. When 
the check yields were included in the 
analyses the differences between the 
treatment yields were highly significant 
at two localities and non-significant at the 
remaining three localities. When the 
checks were not included the differences 
between the treatment vields were non- 
significant at four localities and highly 
significant at one. 
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Table 1.—Boll weevil infestations and yield of seed cotton at various localities after treatments with 


different calcium arsenates, 1938 and 1939. 





PERCENTAGE OF SQUARES 
PUNCTURED 


Plots Treated with 


PouNDs or Seep CorTron 
PER PLot 


Plots Treated with 


Num- Calcium Arsenate* Calcium Arsenate* 
BER OF 
Repui- Inter- Check Inter- Check 
LocaLiry cations Low mediate High Plots Low mediate High Plots 
Florence, 5. 4 6 20.0 20.9 22 .7 $1.4 33.0 $1.2 $1.6 29.6 
Gainesville, Fla. 6 52.0 46.3 43.9 79.3 18.4 17.2 17.0 13.0 
State College, Miss., No. 1 4 12.8 15.5 12.5 28.2 15.6 11.8 15.6 4.1 
State College, Miss., No. 2 2 23.3 14.0 16.2 $5.7 19.2 19.4 19.4 10.3 
Tallulah, La 5 21.5 21.2 19.9 3.4 43.1 44.7 42.0 40.5 
Weighted average, 1939 27.9 2.0 2.3 $8.5 27.2 26.1 26.2 21.5 
Weighted average, 1938 14.3 13.3 13.0 27 . 6 22.5 21.7 21.8 18.7 
Weighted average, 1938 and 1939 18.9 17.6 17.2 347 24.1 23.2 23.3 19.6 
Percentage increase per plot over check 23.0 18.4 18.9 





* Low, intermediate, and high indicate the water-soluble arsenic pentoxide content of the calcium arsenate. 


Table 3 gives the analyses of variance 
of infestations and of yields at all loeali- 
ties for 1989 and for 1938. When the 
checks were included in the analyses the 
difference between treatment infestations 
and between treatment yields were highly 
significant. When the checks were not in- 
cluded these differences were non-signifi- 
cant. The conclusions regarding infesta- 
tions from the analyses using equivalent 
angles were identical to those using per- 


centages. In other words, there were no 
significant differences between calcium 
arsenates containing low, intermediate, 
and high percentages of water-soluble 
arsenic pentoxide by the New York 
method so far as infestations and yields 
were concerned. The only significant 
differences were between poison treat- 
ments and the untreated checks. The 
treatment-locality discrepancies for 1938 
and 1939 infestations and yields, with 


Table 2.—Analyses of variance of infestations and of yields at the different localities, 1939. 





Cnuecks INCLUDED 


Mean Square 


Lo ALITY AND SOURCH 
OF VARIATION DI 


Florence, S. ¢ 


Between treatments 3 618.67" 

Bet ween blocks 7) 16.52 

Error 15 19.00 
Gainesville, Fla.: 

Between treatments > 1.585 .56"" 

Between blocks ) 40.27 

Error 1d 10.34 
State College, Miss. No. 1 

Between treatments > 220 . 53" 

Bet ween blocks $ 25.50 

Error 9 38.26 
State College, Miss. No. 2 

Between treatments } 741.64 

Between blocks 10 

Error 3 176.34 
Tallulah, La.: 

Between treatments 3 197.02 

Between blocks t 59.738 


) 
Error 12 28 95 


Infestations 


Cuecks Not INCLUDED 


Mean Square 


Yields DFE Infestations Yields 
11.28 2 11.43 5.18 
13.22 5 11.68 35.69 
15.79 10 18.13 17.19 
33.16** 2 102.98 3.62 
4.24 5 45.76 31.86 
3.35 10 51.82 3.96 
117.30** 2 11.42 19.38** 
8.23 $ 40.25 10.06 
2.37 6 $1.09 1.25 
hO). 67 2 71.78 08 
S.61 l GOS 67 02 
10.26 2 186.18 5.69 
16.35 2 3.50 9.62 
10.42 + 55.23 11.28 
10.06 be] 4.42 9.63 





. 
“ignifheant 


** Highly significant 


reyes. 
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Table 3.—Analyses of variance of infestations and of yields at all localities, 1938 and 1939, 





1989 
Cuecks INcLUuDED 
Mean ™quare 
Infes 
Source or VARIATION Dt tations Yields DE 
Between treatments ; 2,830°* 146°* 2 
Between localities ‘ 4, 696 $055 ry 
lreatment-locality discrepance 12 1s6** 1s* ~ 
Between blocks 18 ‘3 26 18 
lreatment-block discrepance 
error +4 Th s 16 
Total | oS 


1088 
Cuecks Not Cuecks Now 
INCLUDED Curecks Is ED INCLUDED 
Mean Square Me am “au ¢ Mi in Square 
Infes Infes Infes 
tations Yields Dt tations Yields DF tations Yields 
+1 8 $ wa 1ss°° 2 a1) 9 
2,802 2,072 7 S30 1,216 7 $28 O4 
OO 7 21 g3°* 16* 14 w 5 
at] 23 87 45 iz ‘7 i 14 
42 S 111 20) 9 74 11 ” 
179 4 





* Significant 
** Highly significant 


checks included, were significant, which 
indicated that the treatments did not 
react the same at all localities. With 
checks not included, the variance for 
treatment-locality discrepance was non- 
significant for both infestations and 
yields, which indicated that the poison 
treatments reacted the same during each 
season at all localities. 
SumMARY.—Calcium arsenates contain- 
ing low, intermediate, and high percent- 
ages of water-soluble arsenic pentoxide by 
the New York method were tested against 
the boll weevil at eight localities in 1988 
and at five localities in 1939. The tests 
included 68 replications. The average in- 
festation during 19388 and 1939 in the 
plots treated with low was 18.9 per cent, 


intermediate 17.6 per cent, high 17.2 per 
cent, and untreated checks 34.7 per cent. 
The average yield in one-sixtieth acre 
plots treated with low was 24.1 pounds 
per plot, intermediate 25.2 pounds, high 
23.3 pounds, and untreated checks 19.6 
pounds. The differences between the in- 
festations and the yields in the calcium 
arsenate-treated plots each differed. sig- 
nificantly at the 1 per cent level from the 
infestation and vield in the untreated 
checks but there were no. significant 
differences among the infestations and 
yields in the plots treated with the eal- 
clum containing low, inter- 
mediate, and high percentages of water- 
soluble arsenic pentoxide. 2-23-40. 


arsenates 
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Tests of Insecticides for Certain Cotton Insects during 1939* 


J.C. Gatnes, Texas Agricultural Experiment Stat 


Results of tests of insecticides for the 
control of the cotton bollworm, Heliothis 
armigera (Hbn.) and the boll weevil, 
Anthonomus grandis Boh., have been pub- 
lished as progress reports on the coopera- 
tive project between the Bureau of 
Entomology and Plant Quarantine of the 
United States Department of Agriculture 
and the Texas Agricultural Experiment 
Station (Gaines 1937, 1939; Moreland 
1938: Moreland & Bibby, 1931: and More- 

* Technical contribution 565, Texas Agricultural Experiment 


Station. In cooperation wit! the Bureau of Entomology an 
Plant Quarantine, United States Department of Agriculture 


land & Gaines 1939). Although these tests 
showed that commercial calcium arsenate 
gave the most effective and economical 
control of these pests, it was believed that 
a more effective control might be found, 
especially for the bollworm. 

Therefore, additional tests were made 
during 1939 for determining the com- 
parative effectiveness of a specially pre- 
pared calcium arsenate with large par- 
ticles and a high percentage of water- 
soluble arsenic pentoxide (AsO), a com- 
mercial caleium arsenate with an inter- 
mediate percentage of water-soluble ar- 
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senic pentoxide, and a synthetic eryolite, 
against the bollworm and boll weevil. An 
infestation of the rapid plant bug, 
Adel phocoris rapidus (Say), developed on 
one series of plats, making it possible to 
obtain some information on the action of 
the arsenicals on this pest also. 
ARRANGEMENT OF PLats.—Owing to 
the small acreage of available cotton in 
which an infestation of bollworms and 
weevils developed, two experiments, a 
latin square and a randomized block lo- 
cated in different fields, were made. The 
latin square contained 9 plats, each 10 
rows wide and of sufficient length to 
make 1/10 acre. The randomized block 
contained 12 plats, each 10 rows wide and 
of sufficient length to make 1/10 aere. 
The arrangements of the plats in both 
experiments are shown in tables 1 and 2. 
Porson AppLications.—All dust ap- 


Table 1.—Sampling records of rapid plant bug 
population, bollworm injury, boll weevil infesta- 
tion, and cotton yield in insecticide test plats 
arranged in a latin square, College Station, Tex., 
1939. 





( B \ 
10.8 16.0 22.38 
,. OF 3.9 >.0 
6.77 7.8 35.2 
82.5037 75.80 $7.56 
\ C B 
201 8.3 16.3 
7.9 A 5.1 
27.2 6.6 9.9 
32.99 74.37 69.00 
B \ ( 
11.5 14.8 | 
$8.6 6.4 2.6 
9.9 22 6 6.4 
61.94 51.00 72.81 


TREATMENT AVERAGES 


B—Calcium i Special Cal- 


A—Check Arsenate cium Arsenate 
19.1 14.6 8.9 
6.4 $.2 3.6 
98S 9 2 6.6 
$3.85 68.91 76.56 





* The letters indicate the different treatments and the plat 
arrangement 

t The figure listed first in each plat represents the number of 
{delphocoris rapidus found on 200 squares, from six records, 
August | to 26. inc lusive 

t The figure listed second in each plat represents the average 
percentage of forms injured by the bollworm, from four records, 
July 27 to August 11, inclusive 

tt The figure listed third in each plat represents the average 
percentage of squares punctured by the boll weevil, from seven 
records, July 27 to August 26, inclusive 
_ $t The figure listed fourth in each plat represents the yield 
in pounds of seed cotton on 1/20 acre. 
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Table 2.—Sampling records of bollworm in- 
jury, boll weevil infestation, and cotton yield in 
insecticide test plats arranged in a randomized 
block, College Station, Tex., 1939. 





B* hy \ 
3.3t 3.1 5.3 
4.6] 25.1 15.9 
37. 25TT 40.19 35.638 
A B toa 
11.6 3. 3.4 
23.0 3.9 27.9 
30.43 45 87 40.88 
ng A B 
3.4 8.1 +.4 
16.1 20.0 4.3 
38.62 30.87 $2.93 
B yg \ 
5.1 3.6 6.2 
7; 25.6 37.6 
44.44 35.81 22.94 


TREATMENT AVERAGES 
B—Calcium 


4{—Check Arsenate C’—Cryolite 
7.8 o.3 s.4 
31.6 5.1 23.7 
29 .97 42.12 88.88 





* The letters indicate the different treatments and the plat 
arrangement. 

t The figure listed first in each plat represents the average 
percentage of forms injured by the bollworm, from four records, 
July 26 to August 9, inclusive 

t The figure listed second in each plat represents the average 
percentage of squares punctured by the boll weevil, from four 
records, July 26 to August 9, inclusive 

tt The figure listed third in each plat represents the yield in 
pounds of seed cotton on 1 /20 acre. 


plications were made early in the morning 
(5 to 7 a.m.) with a rotary hand gun while 
the cotton was wet with dew. Seven 
effective applications of poison were ap- 
plied to the dusted plats in the latin- 
square experiment at approximately 5- 
day intervals from July 23 to September 
9, inclusive, while only four effective ap- 
plications were made to the dusted plats 
in the randomized-block experiment from 
July 22 to August 9, inclusive. Rains 
washed off three applications applied to 
the latin square and one applied to the 
randomized block. The check plats in the 
latin square were dusted with light ap- 
plications of calcium arsenate on August 
22 and 29 for leafworm control. The rates 
of application and the different insecti- 
cides used in both experiments are shown 
in table 3. 

Rapmw Piant BuGc.—Records of rapid 
plant bug infestation were made on the 
latin square experiment by counting the 
number of bugs (nymphs and adults) 
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found in 100 squares examined on con- veloped, causing injury for only a short 
secutive plants, at two points in each plat. period of time. 
Six records were made at approximately Bott Weevit INvrestation.— Records 


5-day intervals from August 1 to 26, in- of boll weevil infestation were made by 
clusive, and the averages for the different examining 100 squares on consecutive 
plats are shown in table 1. Ewing & plants at two points in each plat and re- 
MeGarr (1933) showed that this insect cording the percentage punctured. Seven 
causes injury similar to that of the cotton records were made on the latin square 
flea hopper and that, per individual, the experiment from July 27 to August 26, 
rapid plant bug is more injurious than the — inclusive, and four were made on the 
flea hopper. As infestations of this pest randomized block experiment from July 
usually develop late in the season and the 26 to August 9, inclusive. The averages 
populations disperse readily from one for the different plats are shown in tables 


Table 3.—The chemical analyses and poundages applied of the different insecticides used in 
tests at College Station, Tex., 1939. 








AVERAGI 
NUMBER OF WaArerR 
Pounbs Toral SOLUBLE 
TREATMENT APPLIED As.O,, ASO, FLUORINE, 
DESIGNATIONS TREATMENT PER AcRI Per Cent* Per Cent* Per Cent 
Latin square 
Untreated 
B Calcium arsenate? Ss 4 > ; 9 
( Calcium arsenate? 
Sper ial tt S.4 Te 9 4 
Randomized bloc k 
\ Untreated 
B Calcium arsenate? 7.9 $4.5 9 
as Crvyolitet 7.9 160 
* The analyses of the arsenicals by the New York method were made by the Division of Insect le I stigations, Bureau 
of Entomology and Plant Quarantine, United States Department of Agriculture 
t The apparent bulk of special calcium arsenate was 32 cubic inches per pound as ¢ pared t it 80 the nercial 
calcium arsenate. The surface weighted average diameters by air permeation have been dete ned as a ns for the 
special calcium arsenate and 1.1 microns for the commercial calcium arsenate 
t The cryolite was guaranteed by the manufacturer to contain approximately 46 
tt The special sample of calciun irsenate was supplied throug thre ourtes a Ning = r nd Chemical 


Company 


field to another, it is difficult to conduct 1 and 2. A severe infestation developed 
tests under field conditions. In the latin in both experiments, but the excessively 


square experiment the — infestation dry and hot weather stopped weevil de- 
reached a peak by August 7, causing in- velopment and caused the cotton to cease 
jury during a period of about 4 weeks. fruiting and to shed excessively, thus re- 

Bo_tLworm INgury.—Records of boll- ducing the number of bolls produced on 
worm injury were made by examining 100 — the treated plats in the randomized block. 
squares and 100 bolls on consecutive Yiretp.— The total number of plants 
plants at two points in each plat and re- was counted on the 1,20-acre picking 


cording the percentage of injured forms area of each plat. The average number 
squares and bolls). Four records were of plants of each group of plats receiving 
made on the latin square experiment from the same treatment were as follows: On 
July 27 to August 11, inclusive, and four the latin square, A, 1,074; B, 1,061; C, 
were made on the randomized block ex- 1,083; on the randomized block, A, 1,061; 
periment from July 26 to August 9, in- — B, 1,066; and C, 1,056. These records indi- 
clusive. The averages for the different cate that the stand was uniform in both 
plats are shown in tables Ll and 2. Records — experiments. The yields, in pounds of seed 
of bollworm egg population were also cotton per acre, were obtained from the 


_ 


made at regular intervals on each plat six middle rows, 1/20 acre, of each plat 
for use in determining when to make ap- in both experiments. These data (Tables 


plications of poison. In both experiments 1 and 2) show large increases in yield due 
a comparatively low infestation de- to the control of the insects. 








ee 
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Resutts.—Since the majority of the 
mean percentages for bollworm injury 
and weevil infestation as shown in tables 
1 and 2 are below 15, the percentages 
were transformed to angles, which were 
used in making the analyses of variance. 
The results of the analyses are shown in 
table 4. The degrees of freedom and the 
corresponding sum of squares for each 
treatment were separated and the indi- 
vidual comparisons for each degree were 
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gave significant control over the checks. 

For boll weevil control, commercial 
calcium arsenate and special calcium 
arsenate were equally effective, but the 
commercial calctum arsenate was sig- 
nificantly better than the cryolite. The 
cryolite gave an intermediate degree of 
control between the checks and the plats 
treated with calcium arsenate. 

These controls were also measured by 
the yields. The significant control ob- 


Table 4.—Analysis of variance of rapid plant bug population, bollworm injury (equivalent angles), 
boll weevil infestation (equivalent angles), and yield in insecticide tests at College Station, Tex., 1939. 





DEGREES Rapid 
OF Plant Bug 
VARIATION FREEDOM Population 


Latin Square 


Rows ) 20.10 
Columns 4 £55 
Treatments 

Be ¢ | $8.17” 
2A +4 | 106 .58* 
Error 2 36 
Potal S 25.54 

Randomized Block 
Blocks 
‘Treatments 

( B | 
2A B+ ¢ | 
Error 6 
Potal 11 


MEAN Square Pertatntine To 


Boll Weevil 


Bollworm 


Injury Infestation Yield 
3.87 8.20 75.72 

1.06 8.18 46.97 

1.3 11.21 87.71 
21.78* 501 .39* 1668 .88* 
97 6.44 43.838 
+. 36 68.53 261.20 
3.10 88.94 9.42 
2.00 520 ..03* 21.09 
66 .00* $48 .07* 295 .75* 
3.46 17.64 17.04 
8.91 108.25 10.67 





made. The two degrees of freedom may be 
split in a number of ways, but for inter- 
pretation of these experiments the divi- 
sion here used gives the best information. 
The tests were conducted to compare the 
effectiveness of the two insecticides, a 
commercial calcium arsenate and a spe- 
cially prepared calcium arsenate with 
large particles and high content of water- 
soluble arsenic pentoxide, and to compare 
these insecticides with no treatment. The 
F, or ratio of treatment variance to error, 
gives a valid test of significance for each 
comparison. 

In Table 4 it will be noted that treat- 
ment ( (special calcium arsenate) gave 


significant control of the rapid plant bug 
over treatment B (calcium arsenate), and 
that both treatments B and (C gave sig- 
nificant control over the check. 

Calcium arsenate, special calcium ar- 
senate, and the cryolite were equally 
effective against the bollworm, and _ all 


tained between insecticides in the latin 
square for the rapid plant bug and be- 
tween insecticides in the randomized 
block for boll weevils did not affect the 


Table 5.—Number of rapid plant bugs on 200 
squares, number of flea hoppers per 100 ter- 
minals, percentage of squares punctured by the 
boll weevil, and percentage kill obtained in a 
control test in which a two-to-one mixture of 
sulfur-calcium arsenate was used, College Sta- 
tion, Tex. 





Not Dustep Dustep* 
Num- Num- Squares Num Num- Squares 
ber of ber of Pun ber of ber of Punc- 
Flea Rapid tured by lea Rapid tured by 
Hop Plant Weevils Hop- Plant Weevils 
Date pers Bugs Per Cent pers Bugs Per Cent 
~ 1t 40 15 7.0 48 10 16.0 
8/ 7 33 25 2 11 12 10.5 
8/11 0 4 44.5 2 15 $7.5 
8/16 rd 17 36.0 2 3 27.0 
Average per cent 
Control 89.1 39.2 60.9 





* Mixture applied to treated plat on August 2 and 10 at the 
rate of 15 pounds per acre 
t Initial infestation 
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yields. As indicated by the yield, the 
insecticides were equally effective, and 
were all significantly higher than the 
checks. 

To obtain further information on the 
control of the rapid plant bug, a prelimi- 
nary test was conducted with a sulfur- 
calcium arsenate (2 to 1) mixture. The 
results of this test are shown in table 5. 
The mixture gave a 39 per cent control 
of the rapid plant bug as compared with 
nearly 89 per cent control of the cotton 
flea hopper. 

SumMary.—Tests were made at Col- 
lege Station, Texas, in 1939 to obtain 
information on the comparative effective- 
ness against the bollworm and boll weevil 
of a specially prepared calcium arsenate, 
a commercial calcium arsenate, and a 
synthetic cryolite. An infestation of the 
rapid plant bug that developed on one 
of the plats made it possible to obtain 
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some information on the action of the 
arsenicals on this pest also. 

The special calcium arsenate, contain- 
ing large particles and a high percentage 
of water-soluble arsenic pentoxide, gave 
a significantly better control of the rapid 
plant bug than the commercial calcium 
arsenate. This poison gave a higher con- 
trol of the boll weevil and a higher yeild 
than the commercial calcium arsenate, 
but the differences were not found to be 
significant. Calcium arsenate gave sig- 
nificantly better control of weevils than 
cryolite, but this year under dry weather 
conditions which caused excessive shed- 
ding this difference did not affect the 
yields. In a_ preliminary test sulfur- 
calcium arsenate mixture (2 to 1) ap- 
plied at the rate of 15 pounds per acre 
gave $9, 39, and 61 per cent control of 
the flea hopper, rapid plant bug, and boll 
weevil, respectively. 2-28-40. 
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The Effect of Fertilizers on Chinch Bug Resistance 
in Sorghums 


R. G. Daums, U.S. Department of Agriculture, 


Bureau of Entomology and Plant Qu trantine, 


and Oklahoma A. and M. College, and F. A. Fenton, Oklahoma A. and M. College, Stillwater 


It has been known for some time that 
certain varieties of sorghum are more 
resistant than others to attack by the 
chinch bug, Blissus leucopterus (Say), but 
the exact cause of chinch bug resistance 
in sorghum has never been determined. 
It does not appear to be closely associated 
with any of the observed morphological 
or physiological plant characters. The bi- 
ology of the chinch bug is affected, how- 
ever, for Dahms et al. (1936) have shown 
that chinch bugs lay more eggs, live 
longer, develop faster, and grow to larger 
size on susceptible varieties than on 
resistant ones. 

Chemical analyses of some sorghum 


varieties by Webster & Heller, of Okla- 
homa A. and M. College, showed that 
those susceptible to the chinch bug were 
higher in nitrogen than the resistant 
varieties. With this information as a 
basis, experiments were started in 1937 
at the United States Department of 
Agriculture Dry Land Field Station, Law- 
ton, Okla., to determine the effect of soil 
fertility on chinch bug resistance. This 
paper reports the results of this study 
for the three-year period. 

Other cases have been reported in 
which the nitrogen content of the soil and 
plant affected the plant’s susceptibility 
to insects. Evans (1938) found that the 
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chemical composition of the cabbage 
plant affects the rate of growth, length 
of larval period, and final pupal weight of 
Pieris brassicae (L. R He also showed that 
the rate of reproduction of the cabbage 
aphid, Brevicoryne brassicae (L.), was 
positively correlated with the nitrogen 
content of the host plant, and in particu- 
lar with the protein content. Dodd (1936) 
reported that the prickly pear, Opuntia 
sp., grown on poor soil in Australia was 
abnormally yellow and contained only 
about one-half as much nitrogen as 
prickly pear growing on richer soil. He 
also found that Cactoblastis cactorum 
Berg.) did not survive nearly so well on 
the yellow prickly pear as on the normal 
plant, and that when the soil where yellow 
prickly pear was growing was fertilized 
(’. cactorum increased in numbers. 
Metuop.—Plants of two sorghum va- 
rieties, Atlas sorgo and Dwarf Yellow 
milo, respectively resistant and sus- 
ceptible to the chinch bug, were grown 
in 6-inch flowerpots to which different 
amounts and kinds of fertilizers had been 
added. Unless otherwise stated, a very 
sandy soil having a low phosphorus and 
nitrogen content but well supplied with 
potassium was used, and the fertilizers 


sodium nitrate (16 per cent N), super- 


Fic. 1 Cages used to infest plants 
with chinch bugs 


phosphate (16 per cent P,O;), and muri- 
ate of potash (40 per cent K) were ap- 
plied. After the plants had reached the 
desired stage, they were covered with 
celluloid and cloth cages (Fig. 1) and 
equal numbers of fertilized and un- 
fertilized plants of each variety were in- 
fested with equal numbers of chinch 
bugs. Unfertilized check plants were in- 
fested at the same time, when they were 
at the same age, and within an inch of 
the same height as the fertilized plants. 
Chinch bugs used for the tests were 
mixtures of bugs collected from several 
varieties of sorghum. 





Fic. 2.—Atlas sorgo plants after being infested with 

100 chinch bugs for 91 hours: left, fertilized with 

superphosphate; center, no fertilizer (check); right, 
fertilized with sodium nitrate. 


ResuLts IN THE LaBporatory.—The 
results with Atlas sorgo are shown in 
table 1 and figure 2. In the nine tests with 
sodium nitrate the checks lived from 13.3 
to 44.0 hours longer than the fertilized 
plants after they were infested with 
chinch bugs. In the five tests in which 
superphosphate was used two lived longer 
than the checks, in two cases there was 
no difference, and in the other the check 
plants lived 12 hours longer than those 
that had received superphosphate. The 
results with muriate of potash were not 
entirely consistent, although most of the 
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plants that received potassium fertilizer 
died before the checks. 

A few combinations of two fertilizers 
were tried, but here again the results were 
inconsistent. In one test the plants re- 
ceiving superphosphate-sodium _ nitrate 


lived longer than the checks, and in 
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containing a high percentage of horse 
manure were more susceptible to chinch 
bugs than the check plants grown in 
unfertilized sand. 

As a general rule no increase in vigor 
of the sorghum plants was observed when 
sodium nitrate or muriate of potash was 


Table 1.—Effect of various fertilizers on the resistance of Atlas sorgo plants to the chinch bug, 


Lawton, Okla., 1937-39. 





Averace Hours PLants 
Livep Arter Betna 
INFESTED 


Num 
NUMBER BER OF Difference 
or FEr- Nai Heiur Bues het ween 
TILIZED OF OF sep Fer Check and 
PLants Pants, Pant, PER tilized Check Fertilized 
Sou. TREATMENT, Pounbs per Acre Testep Days INcues PLant Plants Plants Plants 
2 24 10 150 115.0 159 +44 0 
Sodium nitrate 12 7 100 96.0 120 +240 
800 3 17 10 100 77 6 Of L170 
23 9 150 97.7 111 +13.3 
. 2 11 8 50 91.0 112 +2910 
ow § 21 9 150 84.3 103 L18 7 
1000 l ll 3! +” 950 111 +160 
1500 2 14 9 loo 10200 126 +94 0 
2 24 Is 150 204.0 175 2000 
Superphosphate 17 12 100 114.0 1S 16.0 
S00 2 15 9 10 B50 S35 oo 
12 7 loo 1080 120 +12 0 
1500 » 14 10 10 1260 126 oo 
4 17 1 loo 95.0 4 10 
Muriate of potash 24 8 150 127.0 167 + 40.0 
800 2 15 ~ oo 85.0 85 Ooo 
12 7 100 960 120 +294 0 
1500 ) 14 10 Oo 12000 126 -~ 6.0 
Superphosphate and sodium nitrate, 2 15 s 100 77.5 85 + 7.5 
800 each 17 10 100 110.0 Of 16.0 
Superphosphate and muriate of pot 2 15 9 loo 85.0 S35 oo 
ash, 300 each 17 10 100 114.5 fy 20.0 
Muriate of potash and sodium ni 2 15 9 100 77.5 85 + 7.5 
trate, 300 each 17 10 100 112.0 of Is_0 
Sodium nitrate, superphosphate and 
muriate of potash, 300 each 2 15 9 1O0 85.0 S35 0.0 
Sodium nitrate 300, superphosphate 2 24 10 150 147.0 159 + 12.0 
800, and muriate of potash 200 ; 17 10 100 116.0 Oo} 22.0 
\ 6-8-4 fertilizer 
S00 ) 12 7 100 10 120 +18 0 
1500 2 I+ 9! 100 120.0 126 + 6.0 
Fertile soil without chemical fertilizer i 20 6 100 121.0 135 + 14.0 
’ Manure, } sandy soil 2 12 7 100 06.0 120 $94 0 
; 14 9 loo 1020 126 +794 0 





another the reverse was true. With the 
sodium nitrate-muriate of potash combi- 
nation there was no difference in one test 
and in the other the fertilized plants 
lived longer. The superphosphate-muriate 
combination appeared to increase the re- 
sistance of the plants. The results were 
also inconsistent when all three fertilizers 
were used. Plants growing in fertile soil 
without chemical fertilizer and in soil 


increase was obtained 


containing 


added, but some 
with fertilizers 
phate. 

The results with the susceptible variety 
Dwarf Yellow milo are shown in table 
2. When fertilized with sodium nitrate, 
these plants were killed by the infesta- 
tion quicker than the checks in all cases 
but one. Plants of this variety fertilized 
with superphosphate lived longer except 


superphos 


————— ee 
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when 1,500 pounds per acre was applied. 
Muriate of potash and combinations of 
muriate of potash and sodium nitrate 
gave inconsistent results. Fertilization 
with combinations of superphosphate- 
sodium nitrate, superphosphate and muri- 
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RESULTS UNDER FigLp CONDITIONS. 
In 1939 tests were made on a field seale 
to determine the effect of nitrogen and 
phosphorus fertilizers on chinch bug re- 
sistance. Plots of Atlas sorgo and Fin- 
ney milo were used for these tests. The 


Table 2.—Effect of various fertilizers on the resistance of Dwarf Yellow milo plants to the chinch 


bug, Lawton, Okla., 1937 39. 





AveRAGE Hours PLANTS 
Livep Arter BEING 


INFESTED 
Num- 
NUMBER BER OF Difference 
or Frer- AG Heicur = Buas between 
rILIZED OF OF Usep Fer- Check and 
PLants Puants, Pant, PER tilized Check  Fertilized 
Sou TREATMENT, PouNbs per Acre Trestep Days Incnes PLAN Plants Plants Plants 
2 24 Ss 150 71.0 87.0 +16.0 
Sodium nitrate 15 10 100 61.0 65.0 + 4.0 
S00 12 7 100 84.0 72.0 —12.0 
8 23 9 150 76.3 91.0 +14.7 
17 10 100 74.0 84.0 +10.0 
500 3 21 7 150 52.3 §7.7 + 5.4 
roo + 11 5 50 65.0 79.0 +14.0 
1500 2 14 9 100 72.0 90.0 +18.0 
2 12 7 100 84.0 72.0 12.0 
Superphosphate 15 9 100 70.0 65.0 5.0 
00 } 24 13 150 140.38 95.01" -45.3 
17 10 100 93.3 84.0 — 9.3 
1500 2 14 9 100 78.0 90.0 +12.0 
2 12 7 100 78.0 72.0 6.0 
Muriate of potash 24 7 150 83.0 79.0F 4.0 
Soo 15 10 100 65.0 65.0 0.0 
3 17 10 100 87.5 84.0 3.5 
1500 2 14 9 100 72.0 90.0 +18.0 
Superphosphate and sodium nitrate, 2 lS 10 100 70.0 65.0 5.0 
300 each 17 10 100 85.0 84.0 1.0 
Superphosphate and muriate of pot 2 1S 9 100 77.5 65.0 12.5 
ash, 300 each $ 17 10 100 87.5 84.0 3.5 
Muriate of potash and sodium ni 2 15 9 100 65.5 65.0 0.5 
trate, 300 each > 17 10 100 79.0 84.0 + 5.0 
Sodium nitrate 300, superphosphate 
800, and muriate of potash 200 2 24 150 127.0 95.0 32.0 
Sodium nitrate, superphosphate 2 17 100 95.0 84.0 11.0 
and muriate of potash, S00 each ld 9 100 67.5 65.0 2.5 
\ 6-8-4 fertilizer 
S00 ) 12 7 100 84.0 72.0 12.0 
1500 2 14 9 100 78.0 90.0 +12.0 
Fertile soil » 14 9 100 78.0 90.0 +12.0 
; Manure and , sandy soil $ 20 7 100 84.3 92.3 + 8.0 





eck was 11 inches high 


(heck was 10 inches high 


ate of potash, and superphosphate, 
sodium nitrate, and muriate of potash, 
all increased the life of these plants ex- 
cept when 1,500 pounds of a 6-8 4 
fertilizer was applied. Plants growing in 
fertile soil without chemical fertilizer and 
plants growing in manured soil died be- 
fore the check plants which had been 
grown in sand without fertilizer or 
manure, 


soil was a reddish-brown clay loam having 
a high clay content and a medium supply 
of organic matter. Two four-row plots of 
each variety were fertilized with super- 
phosphate or sodium nitrate, and similar 
unfertilized plots were used as checks. A 
heavy infestation of bugs occurred in all 
plots soon after the plants emerged. 

The results of these tests are shown in 
table 3 and figures 3 and 4. All the Finney 








milo plants were killed by the bugs, but 
those fertilized with superphosphate lived 
longer and were larger before they died, as 
can be seen in figure 3. The plants in plots 
to which sodium nitrate was applied died 





fertilized with S00 


Finney milo: Left, 
pounds of superphosphate per acre; right, fertilized 
with 300 pounds of sodium nitrate per acre. 


earlier than those in plots to which no 
fertilizer was applied. In no case was 
there a 100 per cent mortality of the 
Atlas sorgo plants, but a higher percent- 


Table 3.—Effect of fertilizers under field con- 
ditions on the resistance of Finney milo and 
Atlas sorgo plants to the chinch bug, Lawton, 
Okla., 1939. 





Per Cent oF 


Tora! Piants Deap 
Fertilizer NUMBER 
100 pounds per or PLants Septem 
VARIETY acre Emercep duly 20 ber | 
None (check 554 9.7 1000 
Finney milo « Superphosphate 535 46.0 100.0 
Sodium nitrate 606 70.4 100.0 
None (check 1.095 2.1 16.6 
Atlas sorgo superphosphate 1.370 1.4 12 6 


Sodium nitrate 1,324 6.3 25.9 








, 
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age died in the plots where a nitrogenous 
fertilizer was added than in the check 
plots (Fig. 4), and allower percentage of 
plants died in the plots that received 
superphosphate. 





fertilized with 300 


Fic. 4 Atlas sorgo: Left, 
pounds of sodium nitrate per acre; right, fertilized 
with 300 pounds of superphosphate per acre 


An exact count of bugs could not be 
made, but from all observations there was 
no difference in the number of bugs on the 
different plots of the same variety, and 
there were definitely more bugs on the Fin- 
ney milo plots than on those of Atlas 
sOorgo. 

SumMaAry.—In pot and field experi- 
ments with Atlas sorgo, Dwarf Yellow 
milo, and Finney milo sorghums their re- 
sistance to chinch bug attack was con- 
sistently decreased by sodium nitrate, 
and in the majority of cases increased by 
superphosphate, applied to the soil in 
which the plants were grown. Results in 
pot experiments were variable, the re- 
sistance of Atlas sorgo being in most cases 
apparently somewhat decreased and that 
of Dwarf Yellow milo somewhat in- 


creased.— 2-1-40. 
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Arsenicals for Controlling White Grubs in Strawberries 


Turopore W. Kerr, Jr., Cornell University, Ithaca, New York 


The problem of white grubs, Phyllo- 
phaga spp, and their control in newly 
planted beds of strawberries has been of 
importance for many years. Little experi- 
mental work has been conducted in an ef- 
fort to produce a solution to the problem. 
In view of the damage inflicted in New 
York state during recent years, investi- 
gations of control by means of sand and 
arsenical mixtures placed about the roots 
at planting time were begun in 1938. A 
note on the progress of the 1938 investi- 
gations was published by the author (Kerr 
1939). 

Tests 1N 1938.—The area selected for 
plot location in 1938 was in Brant (Erie 
County), one of the larger strawberry pro- 
ducing areas. In this area in 1937 there 
was a minor flight of Phyllophaga spp. (P. 
fusca, P. anxria, and P. rugosa) and suffi- 
cient numbers of second-year grubs were 
present in the soil in 1938 to permit inves- 
tigations. The field in which the straw- 
berry planting was made contained the 
soil type indicated as Chenango loam, 
gravelly phase, by Taylor, et al. (1929). 
The rotation of the field from 1935 to 1987 
was white potatoes, sweet potatoes, and 
wax beans. Each year when the crop was 
removed a cover crop of rye was sown 
which was plowed under the following 
spring. 

During the season of 1938 the materials 
investigated were lead arsenate, calcium 
arsenate, magnesium arsenate, ground 
glass and calomel. The arsenicals were 
mixed with sand from the shore of Lake 
Erie, one pound of each arsenical being 
mixed with twenty or with fifty pounds of 
air-dry sand. The ground glass consisted 
of arsenic-free glass of 16-38 mesh, 38-60 
mesh, and 60-100 mesh particle sizes and 
was applied undiluted. Of the ten mate- 
rials investigated only one was in liquid 
form. The liquid mixture was calomel and 
gum arabic mixed with water. Four 
ounces of gum arabic were dissolved in 
one pint of hot water. To one half fluid 
ounce of the gum arabie solution two 
ounces of calomel was added and the en- 
tire mixture stirred into a thick paste. 
Then twelve more teaspoons of gum ara- 
bic solution were added and a creamy 


paste resulted after thorough mixing. To 
the entire amount of this paste ten gallons 
of water was added and the mixture thor- 
oughly agitated. 

In the tests of 1938 Plot A, 2,065 straw- 
berry plants (variety Premier) were used. 
The plants were set out by hand on April 
23 the distance between plants in the row 
being approximately eighteen inches and 
the distance between rows forty-two 
inches. The plot contained sixteen rows 
each 200 feet in length. The entire plot 
was randomized in such a manner that 
there were five replicates, each of which 
was made up of a forty-foot section of 
each row. In addition to the ten treated 
rows in each plot or replicate there were 
six untreated or check rows. Application 
of the sand-arsenical mixtures was made 
when the plants were set out, one handful 
(approximately 1.5 ounces) of the mate- 
rial being scattered in the hole made in the 
moist soil previous to placing the plant 
roots therein. In this manner the bottom 
and sides of the hole were covered with a 
laver of the mixture, and when the plant 
was tamped in the roots were surrounded 
by a layer of the mixture. In like manner 
the three grades of ground glass were ap- 
plied at the time when the plants were 
set. In the case of the calomel-gum arabic 
mixture four ounces (liquid) were poured 
into the hole in which the plant roots were 
placed. In this manner the plant roots 
were caused to be imbedded in a mass of 
puddled soil. 

The matted row system of training the 
strawberries was employed. Blossoms 
were removed from the plants whenever 
they appeared. Frequent cultivation was 
necessary in order to control weeds. Till- 
age methods employed were hoeing by 
hand and cultivation by means of a horse- 
drawn, single-row cultivator. A side dress- 
ing of 150 pounds of non-acid commercial 
fertilizer (analysis, 5-10-5) was applied to 
the entire plot on June 19, 1988. On No- 
vember 19, 1938, a mulch of half a ton of 
rye straw was distributed over the plot, 
and on April 27, 1939, the plants were un- 
covered. 

In the case of 1938 Plot A an inspection 
of the field was made twenty-five days 
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after the plants were set out. The inspec- 
tion was made to determine the effect o! the 
various root treatments on the strawber- 
ries. The dead plants were removed and 
recorded at that time and whenever they 
appeared later in the season. At ten-day 
intervals, beginning July 18 and ending 
September 6, further inspections of the 
field were made in order to record and re- 
move those plants dead of grub injury and 
those plants injured beyond the possibil- 
ity of recovery. Numbered wooden stakes 
were driven into the ground in places 
from which the plants were removed. The 
number on each stake represented a par- 
ticular date and, therefore, at the end of 
the season, it was possible to account for 
each missing plant and also to ascertain 
when most of the injury took place. Analy- 
ses of fruit picked from plants treated 
with lead arsenate-sand, 1-20 and 1-50, 
and magnesium arsenate-sand, 1-20 and 
1-50, were made on June 14, 1939. 

The comparative effectiveness of the 
various root treatments in controlling the 
white grub in strawberries is shown in ta- 
ble 1. The mean per cent of uninjured 
plants surviving in the six untreated rows 
was 55.2 in the 19388 Plot A. where sec- 
ond-year grubs were abundant. When 
lead arsenate-sand, 1-20, was used as a 
treatment, 97.5 per cent of the plants 
survived. Magnesium arsenate-sand, 1-20 
and lead arsenate-sand, l 50, accounted 
for $3.2 per cent and 81.9 per cent of sur- 
viving plants, while the remainder of the 
treatments accounted for a total loss of 
plants as in the case of the calcium ar- 
senate and sand mixtures or accounted 
for a slight increase in per cent of plants 
surviving over the mean per cent surviv- 
ing in the six check rows. Precipitation 
during May and June 1938 was 2.92 and 
3.51 inches respectively. 

Death of plants resulting from natural 
causes, arsenical injury, or a combination 
of both factors occurred within a period of 
thirty-six days after the plants were set 
in the case of 19388 Plot A. Most of the 
plants died during the first twenty-five 
days. Maximum grub injury was done in 
the ten-day period, July 18 to 28, 1938. 
Analyses in 1989 of the fruit picked from 
plants treated with lead arsenate and 
sand, and magnesium arsenate and sand 
mixtures in 1938 indicated that there was 
no increase, either in arsenic or lead, over 
the amounts normally present in the fruit. 
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Tests in 1939.— One investigation dur- 
ing the 1939 season was conducted in the 
immediate neighborhood of the 19388 in- 
vestigation and is designated as 1939 Plot 
A. Relatively few second year grubs were 
present in the soil in the 1989 season, 
therefore, approximately 6,000 second 
year grubs (approximately half P. anria 
and half P. fusca) were imported and scat- 
tered over the experimental plot after the 
plants were set. Liberation of grubs was 
done just before sunrise on May 27 and on 
June 7, 1939. Approximately 4,000 grubs 
were liberated on the former date and the 
remainder on the latter date. 

1939 Plot A was located adjacent to and 
north of the plot of strawberries planted 
during the 1938 season, the soil type being 
identical with it. The rotation of the field 
was simple since the land had supported 
an apple orchard for more than. sixty 
years. Grass sod was present previous to 
and at the time when the trees were cut 
down during the winter of 1987-38. Dur- 
ing the growing season of 1938 a crop of 
wax beans was grown between the stumps 
of the apple trees. In early April, 1939, the 
stumps were removed and the land plowed 
and fitted preparatory to planting the 
strawberry plants. 

The materials investigated were lead 
arsenate, zinc arsenate, zine arsenite, 
magnesium arsenate, and calcium 
nate. One pound of each of the first four ar- 
senicals was mixed with ten, with twenty, 
and with fifty pounds of sand. In the case 
of calcium arsenate, one pound of the ar- 
senical was mixed with twenty and with 
fifty pounds of sand; sand, alone was used 
in place of the one to ten mixture. Each of 
the fourteen mixtures was agitated thor- 
oughly in a barrel mixer until the arsenical 
was evenly distributed throughout the 
mass. 

In the tests of 1989 A, 3,174 strawberry 
plants (variety Premier) were used. The 
plants were set out by hand on May 2 and 
3, 1939, the distance between plants in the 
row and the distance between rows being 
similar to that described above for the 
tests of 1938 Plot A. The plot contained 
twenty rows, each 200 feet in length and 
was randomized in such a manner that it 
provided five replicates each of which con- 
tained twenty rows forty feet long. In ad- 
dition to fifteen treated rows there were 
five untreated or check rows in each repli- 
cate. Application of the fourteen arsenical 
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Table 1.—Control of Phyllophaga spp. in newly set strawberries, Erie and Steuben Counties, New 


York, 1938-39. 





TREATMENT 


19388 Plot A 
Check 
Lead arsenate-sand 1-20 
Lead arsenate-sand 1-50 
Check 
Ground glass, 16-38 mesh 
Ground glass, 38-60 mesh 
Ground glass, 60-100 mesh 
Check 
Magnesium arsenate-sand 1-20 
Magnesium arsenate-sand 1-50 
Check 
Calomel-gum arabic suspension 
Check 
Calcium arsenate-sand 1-20 
Calcium arsenate-sand 1-50 


Check 


Mean per cent of uninjured plants surviving in six checks, 55 


1989 Plot A 
Lead arsenate-sand 1-10 
Lead arsenate-sand 1-20 
Lead arsenate-sand 1-50 
Check 
Zine arsenite-sand 1-10 
Zine arsenite-sand 1-20 
Zine arsenite-sand 1-50 
Check 
Magnesium arsenate-sand 1-10 
Magnesium arsenate-sand 1-20 
Magnesium arsenate-sand 1-50 
Check 
Zine arsenate-sand 1-10 
Zine arsenate-sand 1-20 
Zine arsenate-sand 1-50 
Check 
Calcium arsenate-sand 1-20 
Calcium arsenate-sand 1-50 
Sand, alone 


Check 
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1939 Plot B 
Lead arsenate-sand 1-10 
Lead arsenate-sand 1-20 
Check 
Zine arsenite-sand 1-10 
Zine arsenite-sand 1-20 
Check 
Magnesium arsenate-sand 1-10 
Magnesium arsenate-sand 1 20 
Check 
Zine arsenate-sand 1-10 
Zine arsenate-sand 1-20 
Check 
Calcium arsenate-sand 1 20 
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sand mixtures and the sand, alone, treat- 
ment was similar to that described for the 
sand-arsenical mixtures of 1938 Plot A. 

The system of training the strawberries, 
the removal of blossoms, and the methods 
of cultivation were the same for 1939 Plot 
A as for the 1938 Plot A. On July 5, 1939, 
230 pounds of non-acid commercial fer- 
tilizer (analysis, 5-10-5) was applied to 
the planting. From November 14 to 27, 
1939, 1,400 pounds of oat straw was ap- 
plied as a mulch to the planting. 

On May 22 and June 19 inspections 
were made of 1939 Plot A in order to de- 
termine what effect the treatments had 
upon the plants. The dead plants were re- 
corded and removed as in 1938 Plot A. At 
ten-day intervals beginning June 19 and 
ending September 17 plants injured by 
white grubs were recorded and removed, 
and stakes put in their places as indicated 
above for 1938 Plot A. An attempt was 
made to count the number of runners 
formed and the number of runner plants 
set from the parent plants of the lead ar- 
senate-sand (1-20) treated rows and an 
untreated row, and while this was possible 
on July 19,29, and August 8 further counts 
were impossible after the latter date be- 
cause the developing plants became too 
numerous to count accurately. It is hoped 
that this phase of the problem can be in- 
vestigated more fully at a later date. 

In the 1939 Plot A, the mean per cent of 
uninjured plants in five check rows was 
87.5. The second-year grubs that were im- 
ported and scattered over the plot appar- 
ently did not become established to any 
degree, for the per cent of uninjured 
plants in untreated neighboring fields of 
strawberries approximated the mean per 
cent survival of plants in the five check 
rows of the experimental plot. The major- 
ity of the grubs found to be active in the 
untreated neighboring fields were third- 
vear grubs. Magnesium arsenate-sand, 1 
50, and lead arsenate-sand, 1-50, account- 
ed for percentage survivals of 97.9 and 
97.3 respectively, while lead arsenate- 
sand, 1-20, accounted for 95.4 per cent 
survival, magnesium arsenate-sand, 1-10, 
for 93.2 per cent, and lead arsenate-sand, 
1-10, for a survival of 91.2 per cent. Zine 
arsenite and sand mixtures were extreme- 
ly injurious to the plants, while the 
remainder of the treatments did not re- 
sult in a survival greater than the mean 
of the five check rows. Precipitation for 
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May and June 1939 was 1.23 and 3.30 
inches, respectively. 

Death of plants resulting from natural 
causes, insecticidal injury, or a combina- 
tion of the two factors occurred within a 
period of 47 days after the plants were set. 
Most of the plants died within the first 28 
days. The maximum grub injury occurred 
in the 10-day period of July 19-29, 1939. 

It was observed in 1938 that the lead 
arsenate, and the magnesium arsenate- 
sand mixtures retarded growth during the 
early part of the growing season. The 
data obtained during the 1939 
seems to indicate that the retarding effect 
is temporary when lead arsenate-sand, 1 
20, is used since the treated plants reach 
the same degree of development as the un- 
treated plants by the middle of the grow- 
ing season. 

The second plot of the 1989 investiga- 
tions, designated as 1939 Plot B, was lo- 
cated at Kanona (Steuben County) on a 
site infested with third-year grubs 
cies unknown). The section is not included 
in the area of the state most favorable to 
strawberry production, but the experi- 
mental planting was made there in order 
to determine the effect of third-year grubs 
on the strawberries. The type on 
which the planting was made is Lords- 
town stony silt loam as indicated by Pear- 
son, et al. (1931). The land on which the 
planting was made had been a sheep pas- 
ture for many years and in the fall of 1938 
it was plowed up after having been se- 
verely damaged by white grubs. 

The area available for an experimental 
plot was smaller than in the case of 1939 
Plot A, therefore the materials used were 
lead arsenate-sand, 1-10 and 1 20, mag- 
nesium arsenate-sand, L- 10 and 1-20, zine 
arsenate-sand, 1-10 and 1-20, zine ar- 
senite-sand, 1-10, and 1-20, calcium arse- 
nate-sand, 1-20, and sand, alone. 

In the tests in 1939 Plot B, 1,779 straw- 
berry plants (variety Premier) were used. 
The plants were set out on May 10, 1939. 
The distance between plants in the row 
Was approximately sixteen inches and be- 
tween rows forty-two inches. The plot 
contained fifteen rows, each 150 feet in 
length, and was randomized in such a 
manner that it provided five replicates 
each of which contained fifteen, thirty- 
foot rows. In addition to ten treated rows 
there were five untreated or check rows in 
each replicate. 


scason 
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August 1940 Kerr: 

The same system of training the straw- 
berry plants, of blossom removal, and cul- 
tivation was employed for 1939 Plot B as 
for 1938 Plot A and 1939 Plot A. No fer- 
tilizer was applied and no mulch was used 
in this plot. 

In the 1939 Plot B, counts of plants 
dead of grub injury, arsenical injury, na- 
tural causes, and a combination of the lat- 
ter two factors were made on June 6, July 
20, and August 50, 1939. 

In Plot B where considerable numbers 
of third-year grubs were present the mean 
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tion in results obtained from the use of 
calcium arsenate is that in the 1938 sea- 
son calcium arsenate a year old was used 
while in the 1939 season freshly prepared 
calcium arsenate was used. 

Maximum mortality of plants due to 
natural causes, insecticidal injury, or a 
combination of the two factors took place 
within the first thirty days after the plants 
were set while maximum grub injury oc- 
curred during the interval between May 
10 and June 6, 1939. 


SuMMARY.—In investiagtions of the 
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238 PLOT A 


surviving uninjured plants; 
injury or both; solid blach 


U'nshaded areas, 


per cent survival of plants was 67.1 for the 
five check rows. The per cent survival 
when magnesium arsenate-sand, 1-20, 
was used was 92.4, while a survival of 
90.2 per cent was obtained when lead ar- 
sand, 1-20 was used. With the ex- 
ception of magnesium arsenate-sand, 1 

10, which resulted in survival of 75.6 per 
cent, the remainder of the treatments 
showed either a slight increase or a de- 
crease in the per cent survival of plants as 
compared with the mean per cent survival 
for the five check rows. Extreme drouth 
conditions existed during three-quarters 
of the area where 


senate- 


growing season in the 


this plot was located, and the plants made 
poor growth, due mainly to lack of mois- 
A possible explanation for the 


ture. Varia- 


Comparative effectiveness of various root treatments in controlling white grubs in strawberries. 
shaded areas, plants dead from natural causes or from insecticide 
:, plants killed by grub injury 


problem of white grubs, Phyllophaga spp.., 
in strawberries it was found that the ap- 
plication of certain sand and arsenical 
mixtures, at planting time, to the roots of 
strawberry variety Premier 1938 and 1989 
resulted in a greater per cent survival 
of plants than when the plants were not 
treated. In the 1938 investigations, where 
second-year grubs were abundant and 
where normal moisture conditions existed, 
97.5 per cent of the plants survived when 
treated with lead arsenate and sand, 1-20, 
while the mean per cent survival of the 
plants in six check rows was 55.2. In one 
plot of strawberries in the 1939 investiga- 
tions where few second-year and few third 
year grubs were present and where a slight 
drouth existed, the per cent survival of 
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plants treated with magnesium arsenate 
and sand, 1-50, was 97.7; with lead arse- 
nate and sand, 1-50, was 97.3; with lead 
arsenate and sand, 1-20, was 95.4; and 
with magnesium arsenate and sand, 1-10, 
was 93.2; while the mean per cent sur- 
vival of plants in five check rows was 87.5. 
In another plot in the 1989 investigations 
where third-year grubs were abundant, 
and where extreme drouth conditions ex- 
isted, the per cent survival of plants 
with magnesium arsenate and 
sand, 1-20, and with lead arsenate and 
sand, 1-20, was 92.4 and 90.2, while the 
mean per cent survival of plants in five 
check rows was 67.1. Zine arsenite, zine 
arsenate, and calcium arsenate and sand 
mixtures were found to be extremely in- 
jurious to the strawberries. Arsenic-free 
ground glass, and an aqueous mixture of 
calomel and gum arabic were both found 
to be ineffective in preventing white grub 
injury to strawberry roots. Death result- 
ing from natural causes, insecticidal in- 
jury, or a combination of the two factors 
took place within a period of thirty-six 
days after the plants were set in the 1938 


treated 
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investigations. In one of the plots of the 
1939 investigations, death of the plants 
from either one or a combination of the 
two above-mentioned factors took place 
within forty-seven days after the plants 
were set. No data on such mortality are 
available for the second plot. Maximum 
grub injury took place between July 18 
and 28 in the 1938 investigations where 
abundant second-year grubs were pres- 
ent, between July 19 and 29 in one plot of 
the 1939 investigations where few second- 
year and third-year grubs were present, 
and between May 10 and June 6 in an- 
other plot of the 1939 investigations 
where third-year grubs were present in 
abundance. 

Lead arsenate and sand, 1 20 appears 
to retard the growth of the strawberry 
plants but from the data collected, the re- 
tardation appears to be temporary. 

Analyses of the strawberry fruit picked 
from plants treated with lead arsenate or 
magnesium arsenate and sand mixtures in- 
dicate that there is no increase, either in 
lead or arsenic, over the amount normally 


present in strawberries. —1-6-40. 
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CATALOGUE OF LITERATURE DEALING 
with WILDLIFE MANAGEMENT 
AND ECONOMIC ZOOLOGY 


With the assistance afforded by the Work Proj- 
ects Administration (65-1-71-140) the Division of 
Economic Zoology of the University of Minnesota 
has greatly expanded its author card catalogue of 
literature dealing with wildlife management and 
economic zoology. While strict attention has not 
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serves a very useful purpose as a research tool. In 
compliance with the regulations of the Work Proj- 
ects Administration it will be made freely available 
to interested institutions through the American 
Documentation Institute. 
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SCIENTIFIC NOTES 


The Blueberry Bud Mite, a New Pest 


On March 21, 1939 the writer received from Mr. 
W. H. Moon, specimens of injured buds of the cul- 
tivated blueberry from the H. G. Huntington farm 
near Atkinson, N.C. A letter stated that the condi- 
tion had been first noticed in the spring of 1938 
and was worse in 1939. Examination of the buds re- 
vealed large numbers of Eriophyid mites beneath 
the outer bud seales. The mites were associated 
with a galled condition of the plant tissue, resulting 
in greatly enlarged, watery cells usually with red dis- 
coloration. The mite was described as Eriophyes 
raceintt by H. Hl. Keifer, from other specimens 
taken at the same place (Bul. Dept. Agric. Calif. 
28(5): p. 329, May, 1939). As to the extent of in- 
jury in 1939, Mr. Moon stated later that at a rough 
estimate, one-fourth of the buds failed to develop 
and another fourth showed more or less injury. 
The writer visited blueberry farms at Atkinson and 
Magnolia, N. C. during the summer of 1939 and 
found the mites very scarce at that time. With the 
formation of winter buds in the fall, the mites again 
increased. Both mites and eggs could be found on 
samples of buds examined at several times during 
the winter. They were found mainly under the 
large outer bud scales, a few under the short basal 
scales, and almost none deeper in the bud. In early 
spring when the blossom buds started to expand the 
mites penetrated into the interior of the bud and 
lived among the developing blossom clusters, caus- 
ing galling or hypertrophy of the cells in all affected 
parts. Later in the spring many affected buds failed 
to bloom, others less heavily infested developed a 
few flowers. Berries developed from infested buds 
hada warty surface. Mites were not found inside the 
corolla but were very numerous between the corolla 
and the calyx cup, where they might be picked up by 
the feet of bees. The spread of the mites has been 
too rapid to be reasonably accounted for by their 
own feeble powers of locomotion. At Atkinson the 
mites were also found in the buds of the wild high 
bush blueberry 5-15-40 

B. B. Funurosx, N. ¢ tyr. | t. Sta., Raleigh, 
N. ¢ 


The Titratable Acidities and pH 
Values of Cryolite Insecticides 


The eryolite insecticides may be divided into 
three classes, natural, synthetic of domestic manu- 
facture, and synthetic of foreign manufacture 
Judging from the fluorine found in several samples 
Carter 1959), the sodium fluoaluminate content 
of the first class is approximately 88, of the second 
class 83, and of the third class 92 per cent 

Ihe titratable acidities and pil values of a num 
ber of samples of each class were determined by the 
following procedure: Five grams of the sample was 
shaken with 400 ec. of distilled water for one hour, 
allowed to stand overnight, and then filtered. Ali 
quots of 100 ec. each of the filtrate were then 
titrated with 0.1 N sodium hydroxide, methyl red 
being used as indicator. When an appreciable titra- 
tion was obtained, the results were calculated to 
percentage of sulfuric acid. The acidity, however, 
may be due to excess aluminum sulfate or hydro 


fluoric acid. The pH value of the same solution was 
determined with a glass electrode apparatus. 

Kight samples of natural cryolite were examined. 
Only 0.05, or at most 0.1 cc. of the sodium hydroxide 
was required to give the alkaline color of the indica- 
tor, and the pH values ranged from 6.00 to 7.10. 
All of 14 samples of the domestic synthetic material 
were alkaline to methyl red without the addition of 
sodium hydroxide, and the pH values ranged from 
7.45 to 8.10. 

The titratable acidity of 15 samples of the foreign 
synthetic material varied considerably, and the pH 
values were for the most part considerably lowei 
than for the other classes, as shown by the data in 
table 1. 


Table 1.—Titratable acidities and pH values 
of several samples of foreign synthetic cryolite. 





Titration, IN Per Cent 
Custc Centi- Acipiry, 
METERS OF CALCD. AS 


ID. No. OJON NaOH  H.SO, pil 
1361-37 0.05 0.0 5.60 
4561-38 05 0 6.10 
$330-17 2 | 4.75 
1330-16 3 l 4.40 
1308 3 1 4.25 
1389 5 2 4.10 
£306-C 7 3 4.25 
$392-B 2.3 9 $3.85 
$399-A 2.8 A 3.70 
4038 3.6 1.4 3.80 
1094 +.9 1.9 3.85 
4119 6.7 2.6 3.90 
4298 1.7 1.8 3.80 
1250 6.2 2.4 3.90 
t310-A 6.7 2.6 3.60 





The titratable acidity and low pH values of some 
of these samples may be partially responsible for 
the burning that sometimes follows the application 
of cryolite insecticides. Two samples (1. D. 4392, 
\ and B) were reported to have caused excessive 
hurning when used on vegetation such as beans, 
peas, corn, cotton, and peanuts (Padgett, L. J., 
unpublished). However, other samples having a 
greater titratable acidity have not been reported 
as causing burning. Baker & Questel (1939) recently 
reported that corn appears to be susceptible to 
injury when treated with domestic synthetic cryo- 
lite.—-4-16-40. 

R. H. Carter, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine. 
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Effects of Phenothiazine on Chicken 
Lice 


To determine the effect of phenothiazine on cer 
tain species of lice that infest chickens, namely, the 
head Lipeurus hete rographus Nitzsch), the 
body louse Nitzsch ° 
the shaft louse (Menopon gallinae (L.)), and the 
fluff louse (Goniocotes hologaster Nitzsch),* a rather 
heavily infested rooster was dusted with the chemi- 
cal during the fall of 1987. An examination of the 
rooster 2 days later revealed no living lice. 

Further tests were conducted in’ which 
Bantam hens that had very heavy infestations of 
the body louse, moderate infestations of the head 
louse, and light infestations of the fluff louse were 
dusted with phenothiazine. Nits were numerous on 
the head, and large clusters were present in the 
region of the vent. Two days later two Bantam hens 
and two roosters, untreated, which were heavily 
infested with lice, were placed in the pen with the 
treated fowls. Seven days after treatment all chick- 
ens were examined and no living lice were found on 
the treated while the untreated ones still 
remained heavily infested. A second examination 
was made 21 days later, and only four body lice 
were found on the treated hens, while the infesta- 


louse 


| omenacanthus stramineus 


four 


fow ls, 


tion on the untreated ones remained heavy 

Results of these tests indicated that phenothia- 
zine may prov ide extended protection to chickens 
from lice, since the treated hens had ample oppor- 
tunity to become reinfested from the untreated 
roosters as well as the hens 

White chickens are temporarily discolored by the 
use of this chemical. Ten laying hens were fed on a 
> per cent concentration of phenothiazine in com- 
mercial laying mash for 30 days with no apparent 
ill effects t-11-40 

Henry E. Parisu, 1. S. Department of 
ture, Bureau of Entomology and Plant Quarantine 
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Fire Ants Causing Damage to 
Telephone Equipment 

At Galveston, Tex., the Southwestern Bell Tele- 
phone Company has been troubled for several vears 
with damage by ants to telephone equipment. The 
damage recurs each year from May to October 
During September, 1959, the telephone company 
kept a record of the type of trouble in substation 
equipment Of 446 cases, 83 were due to ants. The 
majority of these were in the residential district. 
The following summary of subscribers’ equipment 
failures caused by ants was taken from the Com- 
Ringer failure, 49 cases; Severed 
Switch-hook failure, 11 cases; 
a total of 83 reports 


report 
bias string, 14 cases; 
Protector grounded, 9 cases; 
of failure of equipment 

Three types of damage have been noticed. The 
chief one seems to be the fouling of working parts 
the ants chew off 


pany s 


by the ants themselves. Second, 
portions of the insulation on wires, 
circuits. Third, incidental to nesting in the equip- 
ment, the ants introduce bits of lint, fibers, and 


food particles, which foster excess humidity and 


causing short 


consequent corrosion of metal parts 

Damaged telephone equipment and live speci- 
mens of these ants were submitted to the Dallas 
laboratory of the Bureau of Entomology and Plant 


Quarantine for examination. The ants were identi- 


* Determined by H. E. Ewing 
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Desk set with base removed. Arrows indi- 


cate points of damage by fire ants 


Fic. 1. 


fied by M. R. Smith as Solenopsis ryloni MacCook. 

Throughout the telephone desk set shown in 
figure 1 the ants were found to have eaten off por- 
tions of the insulation on conductors. The switch- 
hook contacts were so fouled by accumulation of 
dead ants that they would not close the circuit. 
The same was true of the dialing switch contacts, 
causing a failure of the set 





\rrows indicate points 


Interior of bell box 
of damage by fire ants 


Fic. 2 


box illustrated in 
holes 


In the bell and connection 
figure 2 the ants had chewed many 
through the insulation covering the electromag 


nets. Moisture (and possibly excretions or secretions 


small 


of the ants) caused corrosion which resulted in the 
coil “going open.”’ The insulation was chewed from 
cords leading to the desk set, as indicated by ar- 
rows. In other sets ants crowded between armature 
and pole pieces of the ringer and were mashed when 
In time the accumulation of 


the bells were rung. 
Frequently the small 


ants caused ringer failures 
string connecting the biasing spring to its adjust- 
ment screw was severed, permitting the bells to 
jangle when the telephone was dialed 
Further trouble was experienced fouled 
lightning protectors. The rubber gasket under the 
brass housing of the carbon arrestor blocks was 
gnawed through, permitting entry of ants. There 
was an accumulation of dead ants and particles of 
foreign matter between the metal contacts holding 
the arrestor blocks. During humid weather this 
was sufficiently damp to ground the line —4-8-40. 
Craic Eacueson, U.S. Department of Agricul- 
ture, Bureau of Entomology and Plant Quarantine 


with 
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Light Trap for Counting or Collect- 
ing Leafhoppers on Lettuce Plants 

During the summer of 1939 a number of methods 
in use for counting Jeafhoppers on lettuce were 
tested but none seemed to give accurate results. 
After experimenting with several roughly made 
cages and traps the type shown in figure 1 was 


developed. 





Fic. 1. Trap for counting and collecting leaf- 
hoppers on lettuce plants. 
From sheet galvanized iron is made a cone 18 


inches in height and 14 inches in diameter at the 
base. An opening of 4 inches diameter is left at the 
apex and to this is cemented with acetone a cone 
of clear celluloid at the apex of which is left an 
opening of about 2 inches. Around the apex of the 
celluloid cone is cemented an inverted screw top 
from a regular pint preserving jar. About six inches 
from the base of the metal cone is cut a circular hole 
about 4 inches in diameter and around this opening 
is cemented a black sleeve. The inside of the metal 
cone 1s painted black 

Technique in using this trap consists merely in 
holding the cage in front of the operator, placing it 
gently over a lettuce plant, quickly screwing an in- 
verted pint jar over the top, and then stirring up 
the leafhoppers inside by reaching through the 
opening and gently brushing the plant. The leaf- 
hoppers fly into the jar where they are easily counted 
and from which they may be collected. 

The trap is suited only to taking counts of adults 
per plant, and best results are obtained when it is 
used in bright sunny weather as near mid-day as 
possible. If it is used while any considerable breeze 
is blowing it is better to take successive counts 
going into the wind as this helps prevent those 
hoppers already excited from arousing those ahead 
of the operator. 1-27-40 

Tuomas C. Watkins, Cornell University. 
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Distribution and Hosts of Some Fleas 
of Economic Importance 


In the course of investigations the Division of 
Insects Affecting Man and Animals, of the Bureau 
of Entomology and Plant Quarantine, has accumu- 
lated considerable information concerning the geo- 
graphical distribution and hosts of fleas of the 
United States. Owing to the numerous inquiries 
received, it is felt that this material should be 
published. Data regarding the following economi- 
cally important species are presented herein: 
Ctenocephalides felis (Bouché), the cat flea: C. canis 
(Curt.), the dog flea; Pulex irritans L., the human 
flea; Yenopsylla cheopis (Rothsch.), the oriental rat 
flea; and Echidnophaga gallinacea (Westw.), the 
sticktight flea 

Use has been made of the Division's accession 
catalogue, note file, letters recording receipt of 
specimens, and records indexed from literature. 
No attempt has been made to include all published 
records. Reports taken from literature only are pre- 
ceded by an asterisk. In the geographical distribu- 
tion lists literature reports are used only where they 
record distribution in additional States. 

The figures appearing opposite host names repre- 
sent the number of times fleas were taken. These 
numbers are not an exact index to the relative im- 
portance of hosts, but they are indicative. 

Determinations for the most part have been 
made by H.E. Ewing, M. A. Stewart, and the writers. 

Ctenocephalides felis (Bouché).—The cat flea is 
the flea most common as a household, kennel, office, 
and lawn pest. Ctenocephalides felis is abundant in 
the East, but relatively scarce in the West, as in- 
dicated by the fact that the Division has no speci- 
mens from the Great Plains and Rocky Mountain 
regions, and in the far West only Idaho, Oregon, and 
California are represented. It has been collected 
every month of the year, although heavier infesta- 
tions apparently occur during warm weather or 
when houses are opened after summer vacations. 
One heavy infestation in an automobie occurred in 
March. 

Hosts.—Man 94; dog 34; cat 16; opossum 4 
(Didelphis virginiana pigra 1, Didelphis spp. 3); 
bobeat, cow, hen, gray fox (Urocyon cinereoargen- 
teus floridanus), raccoon, gray rat (Rattus norvegt- 
cus), “rats,” Florida skunk (Mephitis elongata), bat, 
each 1; *red squirrel; *‘skunks”; *flying squirrel; 
*rabbit. The geographical distribution is as follows: 


Alabama: Birmingham. 

California: Nice 

Connecticut: Arcadia Sound Beach, Windsor Locks. 

District of Columbia: Chevy Chase, Washington. 

Florida: Christmas, Homestead, Immokalee, Jacksonville, 
Leon County, Miami, New Smyrna Beach, Orlando, Tal 
lahassee. 

Georgia: Fort Valley, Newton, Valdosta. 

Idaho: Sandpoint 

Illinois: Chicago, Elmhurst, Kankakee, Moline, Rock Island, 
Urbana. 

Indiana: Mishawaka. 

*lowa: Iowa City, Sioux City, 

Kansas: Fort Leavenworth 

Kentucky: Paducah, West Point. 

Louisiana: New Orleans, Tallulah. 

Maine: Portland. 

Maryland: Baltimore, Frostburg, Hagerstown, Rockville, 
Silver Spring, Takoma Park. 

Massachusetts: Cohasset, Malden, Mattapan, New Bedford, 
West Newton 

Mississippi: McNeill. 

Missouri: St. Louis. 

New Jersey: Browns Mills, Franklin, Freehold, High Bridge, 
Jersey City, Leonia, Mercerville, Midland Park, Newark, 
Normandy Beach, North Bergen, Nutley, Perth Amboy, 
Phillipsburg, Scotch Plains, Woodcliff Lake. 


Rogers, Mt. Pleasant, Ames 
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New York Brooklyn, Buffalo, Floral Park, Forest Hills, 
Newburgh, New York City, Niagara Falls, Peekskill, 


Rochester, Springfield Gardens, White Plains 
North Carolina: Battleboro, Halifax 


Ohio: Akron, Cincinnati, Cleveland, Columbus, Lima, Lorain, 
Marietta, Mayfield Heights, Painesville, Steubenville, 


Tiltonsville, Willoughby, Wyoming 

Oregon: Bonneville Dam, Corvallis, Klamath Falls, Portland. 

Pennsylvania: Beaver Falls, Bethlehem, Larimer, Leechburg, 
Philadelphia, Pittsburgh, Scranton, Sellersville, Sharon 
Hill, Tarentum, Verona, Williamsburg 

Rhode Island: Woonsocket 

South Carolina: Capers Island (Charleston County), Sumter. 

lexas: Armstrong, Brownsville, Dallas, Edinburg, Groesbeck, 
Menard, Raymondville, Roosevelt, San Antonio, Sonora, 
Uvalde, Verde Cave (Medina County), Victoria. 

Vermont: Woodstock 

Virginia: Accomac, Arlington, Quantico, Waverly 


Clenoce phalide s canis Curt Although sub- 
mitted for identification less frequently than the 
cat flea, the dog flea is a fairly common pest in 
houses, barns, and lawns. The files of the Division 
of Insects Affecting Man and Animals contain no 
records from the Rocky Mountain and Intermoun- 
tain regions. Seasonal distribution is similar to that 
of Cte noce phalides felis, its occurrence being re- 
ported every month, but more frequently in warmer 
weather. 

Hosts.—Dog 40; man 16; cat 3; gray fox 2; cot- 
tontail rabbit 1; hare (Lepus w. washingtoni) 1; 
cow 1: *gray rat (Rattus norregicus); *black rat 
R. r. rattus); *“rats”; *house mouse (Mus. m 
musculus): *California ground squirrel; *wood 
chuck; *red fox (Vulpes regalis). The geographical 
distribution is as follows; 


Arkansas: Georgetown 

California: Azusa, Los Angeles, San Diego 

Connecticut: Windsor Locks 

Delaware: No definite locality 

District of Columbia: Congress Heights, Washingtor 

Florida I illahassee 

Georgia: Fort Valley, Macon 

Illinois: Calumet City, Chicago, Urba 

Indiana: Fillmore 

lowa: Ames 

Kansas: Manhattan 

Kentucky: Verona 

Maine: Frveburg 

Marviand: Baltimore, Churchton, Deale, Hyattsville, Laurel 

*Massachusetts: Wenham, South Swansea 

Michigan: Northville 

Mississippi: Lucedale 

Missourt M con 

*New Hampshire: Canobie Lake 

New Jersey: Browns Mills, Freehold, Gloucester Cit Long 
Branch, Newark, New Brunswick, Paterson, Riverton 

New York: Rochester, Yonkers 

North Carolina: Asheville, Halifax, Raleig! 

Ohio: Akron, Cincinnati, Geneva. Loveland 

Oregon: Bonneville Dam, Corvallis, Cottage Grove, Klamat! 
Falls, Portland, Salen 

Pennsylvania: Carnegie, Coatesville, Harrisburg, Lancaster 
Lemoyne. Pittsburgh, Pottsville, Westtown 

South Carolina: Bethune, Charleston 

South Dakota: Watertown 

Texas: Concan, Dallas, Fort Worth, Menard, Port Lavaca 
Rosemont 

Virginia: Fredericksburg, Manchester, Richmond, Warsaw 

Washington: Blaine, Centralia 

West Virginia: Fort Ga 

Wisconsin: Milwaukee. 


Spr 


Puler irritans L.—The human flea causes severe 
annoyance in buildings, farmhouses, stables, and 
surrounding premises, especially in the Middle 
West and South and on the Pacific Coast. It is the 
predominant species affecting man on the Pacific 
Coast. Collections have been comparatively uni- 
form throughout the year, with warmer weather 
apparently favoring the fleas. Collections in the 
winter months are mostly from the South and the 
Pacific Northwest 

Hosts Man 36: dog 36: coyote Canis lestes\ 9: 
prairie dog 6; rabbit (cottontails and jack rabbits 


5; hog 4; burrowing owl (Speotyto cunicularia 
hypogaea) 3; opossum 3; skunk 3 (Mephitis ocei- 
dentalis holzuerit 1, “skunk” 2); bobeat 2; gray fox 2; 
deer 2 (Odocoileus c¢. columbianus 1, “deer” 1); 
badger 2; Georgian bat (Pipistrellus subflarus), 
wolf, cat, peceary, gray rat (Rattus norvegicus), 
rock squirrel, each 1; *black rat (R. r. rattus): 
‘chicken; *house mouse (Mus. m. musculus): 


*California ground squirrel (Citellus beechyi); *red 
fox (Vulpes regalis); *gray squirrel. 

“Rats” are recorded as hosts of the human flea, 
but this flea has not been accessioned from them. 
Horses and mules are often much annoyed by this 
flea when associated with hogs, although no col- 
lections from them have been accessioned. The 
geographical distribution is as follows: 


Alabama: Mobik 

Arizona: Congress Junction, Phoenix 

Arkansas: Georgetown, Omaha 

California: Azusa, Coachella, Nice, Oxnard, Pasadena, San 
Francisco, San Luis ¢ Ibispo 

*Colorado: Larimer Counts 

District of Columbia: Washington 

Florida: Christmas, Melbourne, Quincy 

Georgia: Brunswick, Fort Va!ley 

Illinois: Elmwood, Galesburg, Kempsville, New Salem, No 
komis, Winchester 

Indiana: Fairland. Frankfort. Wheatfield 

lowa: Clarinda, Wapello Count 

Kansas: Huts hinson, Manhattan 

Louisiana: Leesville Mound, New Orleans, Port Barre 
Tallulah 

Maryland: Bethesda, Hyattsville, Laurel 

Massachusetts: Fall River, New Bedford 

Michigan: No specific localit 

Mississippi Dundee, Rosedale 

Missouri: Atlanta, Charleston, Gilliam, Mexico 

Nebraska: Mullen, “Sand Hills of Nebraska” (Cherry County 

New Jersey: Browns Mills 

New Mexico: Roswell 

*New York: Brooklyn, Schenectady, spring he Id Springville 

North Carolina: Battleboro, Halifax, Raleigh, Spray 

Ohio: Cincinnati, Fremont, Pandora 

Oklahoma: Bluejacket 

Oregon: Albany, Brooks, Heppner, Hermiston, Keno 

Pennsylvania: Chadds Ford, Harrisburg. Lancaster, Oxford 


South Carolina: Charleston, Timmonsville 

Fennessee: Isabella. 

Texas: Alpine, Armstrong, Brownsville, College Station, 
Colorado City, Concan, Dallas, Edinburg, Fort Worth, 
Greenville, Groesbeck, Hamlir Laredo, Louise, Menard, 
Midland, Mirando Cit Port Lavaca, Raymondville. 
Rocksprings, Sabinal, San Angelo, San Antonio, Sonora, 
Uvalde, Van Horn 

Utah: Vernal 

Virginia: Richmond, Tempera The Plains 

Washington: Connell Spokane 

West Virginia: Fort Gay 

Wyoming: Laramie 
Yenopsylla cheopis (Rothsch The oriental rat 


flea is not a general household pest, but it is im- 
portant because it is found on domestic rats and isa 
vector of bubonic plague 

This flea was reported, on August 10, 1938 
Bishopp No. 28064), as infesting an office building 
in Youngstown, Ohio, where it was “biting the men 
working there and causing considerable discom- 
fort.” 

In Nashville, Tenn., a male and female Yenop- 
sylla cheopis were submitted by H. E. Meleney 
Bishopp No. 28684) from rats captured in a grain 
store in the city near the Cumberland River in 
March 1938. To the writer's knowledge these were 
the first oriental rat fleas reported from Tennessee 
since 1908, when the Surgeon General of the United 
States Public Health and Marine Hospital Service 
recorded it in his Annual Report as Pulex pallidus, 
from Memphis. This species is most commonly met 
with in seaports 

Collections of Yenopsylla cheopis have been made 


and submitted for determination throughout the 
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year except in February. Collections, however, are 

reported for February in literature. 
Hosts.—‘Rats”’ 13; gray rat (Rattus norvegicus) 8; 

cotton rat (Sigmodon h. hispidus) 5; roof rat (R. r. 


alerandrinus) 4; black rat (R. r. rattus) 1: house 
mouse (Mus m. musculus) 1; man 1; cottontail 
rabbit 1; *California ground squirrel (Citellus 
beecheyi). The geographical distribution is as fol- 
lows: 


California: San Pedro. 

District of Columbia: Washington 
Florida: Orlando, Tallahassee. 

Georgia: Newton, Thomasville, Valdosta 
*I}linois: Urbana. 

*Indiana: Indianapolis. 

lowa: Ames 

*Louisiana: New Orleans. 

*Marvland: Berwyn, Baltimore. 
*Massachusetts: No definite locality. 
*Minnesota: St. Paul. 

*New York: Rochester, New York City 
*North Carolina: No definite locality 
Ohio: Youngstown. 

*Pennsylvania: Philadelphia. 

Rhode Island Providence. 

Tennessee Nashv ille 

Texas: Brownsville, Dallas, Fort Worth, Galveston, Uvalde. 
*Virginia: Norfolk. 

*Washington: Seattle 


Echidnophaga gallinacea (Westw. The stick- 
tight flea is recorded as a serious pest in hen houses 
and barns. It is most serious in the Southern States, 
where it frequently causes death of poultry and 
lowered egg production. Because of its habits this 
flea is readily shipped out of its normal range, and 
this accounts for the isolated records in the North. 
It attacks mammals and birds alike and is acces- 
sioned frequently every month of the year, al- 
though it is an accepted fact that infestations are 
heavier during relatively cool, dry weather. Heavy 
rains have at times caused almost complete disap- 
pearance of this flea in some localities 

Hosts.—Dog 22; poultry 16 (chickens 14, turkey 
2, domestic duck 2); rabbits 11 (Sylrilagus a. audu- 


bonit 1, S. auduboni arizonae 1, S. auduboni sancti- 


diego 5, Sylvilagus spp. 5); rabbit (laboratory ani- 
mals) 2; cat 6; California ground squirrel (Citellus 
b. beecheyi) 6; gray rat (Rattus norvegicus) 6; roof 


5; man 4; gray fox 4 (Uro- 
r. ernercoarge nteus 


rat (R. r. alerandrinus 
cyon cinereoargenteus floridanus 3, l 
subsp. 1); burrowing owl (Speotyto cunicularia 
hypogaea) 4; skunk 3 (Mephitis elongata 2, “skunk” 
1); rock squirrel 3; prairie dog 2; English sparrow 2; 
raccoon 2; opossum 2; bobcat 2; western meadow- 
lark, sharp-shinned hawk, red-tailed hawk, north- 
western flicker (Colaptes cafer), blue jay, great 
horned owl (Bubo virginianus), kil!deer, black rat 
R. r. rattus), deer, red fox (Vulpes fulva), western 
badger laridea tarus “rat,” 
“wood rat,” walnut rock squirrel (Citellus variegatus 
juqlans . gray squirrel, hog, each 1; *horse; *quail; 
*Cooper’s hawk *Florida bob- 
white The geo- 
graphical distribution is as follows: 


neglecta), coyote, 


Aceipite r COO pt ri 


(Colinus virginianus floridanus). 


*Alabama: Auburn. 

Arizona: Pinal, Safford, Tucson, Wickenburg, Yarnell. 

*Arkansas: Imboden 

California: Coachella, Corcoran, Fontana, Kerman, Linda 
Vista Hills (Los Angeles County Marysville, Mission 
Beach, Palmdale, Richfield, San Ysidro, Tropico, Verdugo 
Hills (Los Angeles County), Woodland, Yuba City. 

Florida: Christmas, Dunedin, Eustis, Gainesville, Jackson- 
ville Jacksonville Beach, Orlando, Tallahassee, Zephyrhills. 

Georgia: Beachton, Brunswick (Blythe Island), Nashville, 
Newton, Savannah, Valdosta. 

*Kansas: No definite locality. 

Louisiana: Leesville 

*Minnesota: No definite locality 


Mississippi: McNeill 
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Missouri: Poplar Bluff. 

New Mexico: Elephant Butte Dam, Pleasanton, Roswell. 

*New York: New York City. 

North Carolina: Battleboro, Raeford, 
Wilmington. 

*Oklahoma: No definite locality. 

Oregon: Maupin. 

*Pennsylvania: Philadelphia. 

*Rhode Island: Providence. 

South Carolina: Bethune, Capers Island (Charleston County), 
Conway, Florence, Georgetown, Sumter. 

Tennessee: Kelso. 

Texas: Abilene, Alpine, Anson, Armstrong, Brownsville, 
Corpus Christi, Dallas, Dimmit County, Edinburg, Ham- 
lin, Junction, Laredo, McKinney, Midland, Morales, Port 
Lavaca, Raymondville, San Antonio, Sabinal, Sinton, 
Sonora, Uvalde, Victoria. 

Virginia: Waverly.—4-2-40. 


Grifton, Halifax, 


Heven Louise Tremsiey, and F. C. Bisnopp, 
U. S. Department of Agriculture, Bureau of En- 
tomology and Plant Quarantine. 


Dichlorethyl Ether as a Means of 
Control for Pear Thrips 


Preliminary experiments were undertaken in the 
spring of 1939 to determine the value of dichlor- 
ethyl ether as a soil insecticide for the control of 
pear thrips, Taeniothrips inconsequens Uzel. The 
material was applied on the soil at a concentration 
of 10 ¢.c. per gallon, to which was added one-half 
gram of vatsol. One gallon of the diluted material 
was applied to one square yard of soil. The soil was 
moist at the time the material was applied. Pyra- 
mid-shaped thrips-proof emergence cages covering 
one square yard of soil were placed over six treated 
plots in two orchards at the peak of thrips emer- 
gence. Cages were also placed over adjacent un- 
treated areas of similar size. Results of the emer- 
gence in the cages are given below in tabular form: 





Table 1.—Cage emergence in Orchard no. 1. 


TREATED UNTREATED 
Date - ———___—_ - 
ExaMINED Cage 1 Cage 2 Cage3 Cage 4 Cage 5 Cage 6 


190 12 


March 22 0 0 0 325 
24 0 0 0 52 92 8 
26 0 0 0 57 13 4 
30 0 0 0 0 0 0 
April 2 0 0 0 0 0 0 
5 0 0 0 0 0 0 
9 0 0 0 0 0 0 





Table 2.—Cage emergence in Orchard no. 2. 





Treatep Caces UNTREATED CAGES 
Date Caces - - a 





EXAMINED Cage 1 Cage 2 Cage 3 Cage 4 

March 22 0 0 979 1,148 
24 0 0 1,072 475 
26 0 0 170 67 
30 0 0 70 5 

April 2 0 0 10 0 
5 0 0 0 0 
9 0 0 0 0 





The results show that no thrips emerged in the 
treated cages compared to a total emergence of 
3,749 thrips in the untreated cages. 

These results indicate possibility of control of 
pear thrips by soil treatment. Further experimenta- 
tion on field plots is being undertaken—4-12-40. 

S. C. Jones, Oregon Agricultural Experiment 
Station, Corvallis, Oregon. 
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Cyclocephala immaculata Oliv. 
as a Test Insect* 


In recent years several workers have published 
methods for the laboratory culture of insects nor- 
mally dormant during the winter. Among these 
workers are Simanton & Andre (1935) who described 
methods for rearing two Hemiptera, Lygaeus kalmii 
Stal. and Oncopeltus fasciatus Dall., and Waters 
(1937) who gave rearing details for the continuous 
culture of the Mexican bean beetle, the squash lady- 
bird, the variegated cutworm, the fall army worm 
and the Colorado potato beetle. 

\ study of the biology of Cyclocephala immaculata 
during the past four years revealed, among other 
things, that the adults do not feed, that mating is 
normally done at night on the surface of the soil, 
and that adults may be easily reared during the 
winter from third instar larvae brought into the 
laboratory 

With these facts in mind, the writer in the fall 
of 1939 decided to find out if C. immaculata could 
be used as a test insect for soil insecticide studies 
during the winter months. Three sections of bench 
in an unheated greenhouse were each stocked with 
500 third instar larvae collected behind the plow at 
Lexington on November 10, 1939. On December 9, 
60 larvae were removed from one section and 3 
larvae placed in each of 20, two-ounce salve boxes 
containing moist, sifted soil and several kernels of 
wheat. Ten salve boxes (lot 40-2AA) were kept in 
the laboratory at approximately 73 degrees while 
the other ten boxes (lot 40-2AB) were transferred 
to a constant temperature of 82 degrees on Janu- 
ary 9, 1940. By January 19 at least half the larvae 
kept at 82 degrees were pupae and the first adult 
transformed January 27. Adults were transferred to 
a gallon tin half filled with packed, moist, sifted 
soil one or two days after transforming. Egg laying 
began February 8 and between February 8 and 28, 
the egg laying period of lot 40-2AB, eleven females 
each laid an average of 28.8 eggs. 

In a similar manner, more than half the larvae 
of lot 40-2AA were pupae on January 25, 1940. 
The first adults emerged February 5. Egg laying 
began February 18 and continued until March 4. 
On January 26, 100 larvae were removed from 
storage, placed 4 to a salve box, and kept at 80 de- 
grees. Half or more were pupae February 24, the 
first adults emerged March 5 and oviposition oc- 
curred between March 17 and April I 

( ycloce phala immaculata egys were obtained by 
sifting the soil from oviposition tins every other 
day. Very few were obtained if the beetles were dis- 
turbed any oftener. Eggs were picked up with a 
cardboard scoop and transferred to individual cavi- 
ties in moist, packed soil contained in a salve box. 
When the mandibles of the developing larvae 
showed through the chorion, the eggs were covered 
with moist, sifted soil. In this way, very little mor- 
tality of newly hatched larvae resulted. At 83 de- 
grees the incubation period varied from 12 to 15 
days with an average period of 13.6 days for 59 
eggs. At 73 degrees, the incubation period of 115 
eggs varied from 18 to 22 days with an average 
period of 19.5 days. 

A few newly hatched larvae from lot 40-2AB, 
were reared in 2-ounce salve boxes with wheat at 
approximately 80 degrees. Five individuals became 


* The investigation reported in this paper is in connection 
with a project of the Kentucky Agricultural Experiment Station 
and is published by permission of the Director. 
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second instar larvae 22 days after hatching. The 
duration of the second instar for one individual was 
25 days. The duration of the second instar for one 
other larva was approximately 28 days. 

Whether or not the insect can be reared continu- 
ously under artificial conditions has not been de- 
termined. However, for use as a test insect, the main 
thing to be desired is to have a supply of eggs and 
small larvae on hand at all times. This can be done 
by collecting third instar larvae in the fall and 
holding them at 40-45 degrees. By transferring 
larvae to salve boxes of moist dirt, plus wheat, at 
bi-weekly intervals a supply of eggs and larvae 
may be had almost continuously. 

The fact that adults do not feed is both an ad- 
vantage and a disadvantage. It simplifies the secur- 
ing of eggs but renders the beetles useless for tests 
with stomach poisons. The larvae are much easier 
to handle than Phyllophaga larvae since they can 
be reared in numbers in close quarters without the 
Jarvae injuring one another. 4-17-40 

P. O. Ritcner, Kentucky Agricultural Experiment 
Station, Lexington. 
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An Agromyzid Fly Infesting Sweet- 
potato Seed in Puerto Rico 


In the spring of 1938, in the course of a sweet- 
potato breeding program, a number of sweet potato 
seeds were found each containing a single brown pu- 
parium measuring about 3 mm. long and having 
rounded ends. Specimens of a small fly reared from 
these puparia and specimens taken on sweetpotato 
flowers nearby were determined by C. T. Greene 
of the Bureau of Entomology and Plant Quarantine 
as Agromyza caerulea Mall. Mr. Greene has kindly 
supplied the following information on distribution 
from data on specimens identified as this species 
in the collection of the National Museum and from 
the literature: Victoria, Texas, bred from [pomoea, 
seed pods of morning glory, /pomoea sinnota, and 
I. lacunosa; Opelousas, La.; Montserrat; Lima, 
Peru; Jamaica (/, 2); and Mexico While in 
Puerto Rico this fly is known to attack morning 
glory seed, stems of FE upatorium odoratum, and 
flower heads of Bidens pilosa (4), so far as the 
writers can ascertain this is the first record of its 
infesting sweetpotato seed 

Sweetpotato seed is borne in small capsules much 
like those of the common morning glory. The un- 
developed capsules contain four ovules each, but 
not often do the mature capsules contain more than 
one or two seeds each; occasionally a capsule Is 
found with three seeds, but rarely is one found with 
four well-developed seeds. All seeds in a capsule are 
attached to a small, short placenta at the base of 
the capsule, and when more than one seed develops 
in a capsule the seeds are closely packed around the 
placenta. The Agromyza larva entered the seed near 
the point of attachment to the placenta and pu- 
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pated in a small hole it ate out of the seed. Fre- 
quently, when two seeds were present in one cap- 
sule, both were infested, and the puparium was 
found with part of its body in one seed and part in 
the other; one capsule was observed in which three 
well-developed seeds were attacked, but only one 
Agromyza puparium was present. 

‘Sweetpotato flowers open early in the morning, 
close during the afternoon of the same day, and 
usually drop off the following day. As the breeding 
work progressed, it was noted that infestation of a 


Table 1.—Comparative infestation of fruits and 
seed of different varieties of sweetpotatoes by 
Agromyza caerulea Mall. when the blossoms 
were covered on the day of opening and when 
they were left uncovered. 





Freits SEED 


Variety ano Bios 


som TREATMENT Infested Total Infested 


Total 


Number Per Cent Number Per Cent 


Porto Rico 

Uncovered t42 21.6 107 22.4 

Covered 7s 2 6 ere 23 
Mameyita 

Uncovered SN 1.6 OR 24.5 
Seedling 254 

Uncovered hd 6.6 570 6.5 

Covered 25 0.0 25 0.0 
Introduction 64377 

Uncovered 123 3 135 - 

Covered Ww oo ll 0.0 
Introduction 85986 

Uncovered oF 18.1 109 16.5 

Covered 4 0o.0 ) 00 
Total, 

Uncovered 1.039 13.5 1,309 13.4 

Covered 115 1.7 126 1.6 
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given capsule seldom occurred when the flower 
from which the capsule developed has been pro- 
tected from insects on the day it opened. To obtain 
more data on this point and to determine something 
of the extent of the infestation, records were kept 
of the number of infested and non-infested fruits 
and seeds developing from protected and from ex- 
posed flowers. A summary of these infestation counts 
in two fields in each of which the same five varieties 
were represented, is shown in table 1. 

It can be seen from the table that there were con- 
siderable differences among varieties in the propor- 
tion of fruits and seed infested. With Mameyita, 
24.5 per cent of the seed developing from exposed 
blossoms were infested, and with Porto Rico, 22.4 
per cent were infested under similar conditions. An 
infestation of 16.5 per cent resulted when blossoms 
of Introduction 85986 were exposed. Infestation 
was minor with Seedling 254 and Introduction 
64377, being 6.5 per cent for the former and only 
3.7 per cent for the latter. With all varieties com- 
bined 13.4 per cent of the seed from uncovered 
blossoms were infested. Practically the same rela- 
tionship existed among the varieties with respect to 
the proportion of fruits infested as has been pointed 
out for the seed. 

Of special importance is the fact that of a total 
of 126 seeds developing from covered blossoms, only 
2, or 1.6 per cent, were infested. On this basis, this 
fly would not be a factor in a sweetpotato breeding 
program where the flowers must be protected for 
pollination control.—2-2-40. 

Watuace K. Battey and H. K, PLank, Puerto 
Rico Experiment Station of the U. S. Department 
of Agriculture, Mayaguez, P. R. 


! Jamaica Dept. Agr. Ent. Bul. 4, pt. 1, p. 89. 1926. 
? Bul. Mus. Nat. Hist. 41: 448. 1919. 

* Ann. Ent. Soc. Amer. 6: 322. 1913. 

* Puerto Rico Univ. Jour. Agr. 22: 389. 1936. 
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When Economic Entomologists are Not Economic 


Ir is cUsTOMARY, from time to time, 
for entomologists to call attention, in text- 
books, special articles, newspapers, ete., 
to the enormous money losses due to de- 
structive insects. These figures some- 
times reach dizzy heights and carry the 
conviction that cold type seems to have 
for many readers. Without meaning to 
belittle the importance of destructive in- 
sects in their ability to create real crop 
losses of considerable magnitude, I would 
like to cast a few doubts upon the aceu- 
racy of the method in use at present 
whereby these losses are converted into 
dollars. 

In arriving at the percentage of loss by 
insects, it is customary to obtain esti- 
mates indicating to what extent a par- 
ticular insect has reduced the normal 
production of a crop to the production 
actually harvested. Having arrived at a 
figure indicating a loss in bushels, the 
value of this lost portion is obtained by 
basing it on the prevailing average farm 
price of the crop actually harvested, dis- 
regarding the reduction in value which 
usually follows the marketing of a larger 
crop. A few authors of papers on the sub- 
ject of crop losses due to insects admit 
this error in their figures, but hold to them 
because of the absence of a better method 
and because they believe that the en- 
hanced value given to the destroyed por- 
tion 1s offset by other losses chargeable 
to insects, such as the cost of control, 
which they have not included. 

A quite recent publication cites the 
potato crop of the United States for 1936 
as having been damaged to the extent of 
15 per cent by insects. The total actual 
production of potatoes for that year was 
estimated at approximately 330,000,000 
bushels. Because the supply was below 
the average that year the farm price went 
up and was about $1.13 per bushel. Now, 
if the total production for that year had 
been 388,000,000 bushels, i.e., the actual 
production plus 58,000,000 bushels, the 


estimated loss due to insects, the farm 
price would, in all probability, have gone 
down to around 60 cents per bushel, as it 
was in 1935 or 1937 or 1938, when pro- 
duction stood in proximity to 388,000,000 
bushels. The farm value in 1936 reached 
a figure of about $370,000,000. If there 
had been no insect injury and if the pro- 
duction had been 388,000,000 bushels, the 
farm value at the lower price per bushel, 
provided the production could have been 
absorbed by the market, would have been 
about $233,000,000, which is $137,000,000 
less than the farm value of the crop that 
was reduced by insects and actually pro- 
duced. 

To mention another example, apple 
production in the United States was sup- 
posed to have suffered a loss of 20 per 
cent in 1986 due to insects. Production 
for 1986 was estimated as 117,506,000 
bushels, or 80 per cent of what it should 
have been had there been no insect in- 
jury. The farm price for 1986 is quoted 
as $1.05 per bushel. If the insect damage 
had been eliminated, the total production 
would have reached 146,883,000 bushels. 
Taking into account the purchasing power 
of the population since 1933, if 146,883,000 
bushels had been thrown onto the market, 
the price, in all likelihood, would not have 
gone higher than 75 cents per bushel, and 
even this is a generous allowance. The 
estimated farm value of the apple crop in 
1936 was about $123,581,000. With insect 
injury eliminated, resulting in a crop of 
146,883,000 bushels, the total value at 75 
cents per bushel would have been $110,- 
162,000 or more than $13,000,000 in favor 
of the status quo, 

When all such 
into dollars they total a staggering sum 
which includes the enhanced value given 
to the destroyed portions of the crops. 
It is the enhanced values that I believe 
should be written off in the interest of 
accuracy. As a matter of fact, the de- 
stroyed portions have no market or other 


are converted 


losses 
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value. They don’t exist. If insect damage 
could be eliminated completely, the 
larger production would result in a lower 
price. In trying to give a unit value to 
something that does not exist, and did not 
actually come into existence, we either 
have to give it the same unit value as the 
crop that does exist, which is not correct, 
or assume that the increased production 
due to the elimination of insects would 
actually be marketed at the lower price. 
As this is only an assumption and as in- 
creased production through elimination 
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of insects, in many cases, would result in a 
farm value much less than if the reverse 
happened, 7.e., lower production due to 
insect damage, why is it necessary to at- 
tempt to convert bushel losses into dol- 
lars? Why not allow these losses in pro- 
duction, when they are arrived at as 
accurately as possible, to remain in 
bushels? It is too bad that our standards 
of value require so many things such as 
insect damage, college educations, ete., 
to be valued in terms of dollars.—Harry 
B. Weiss. 


OBITUARIES 
BRop BR. Reppert, 1881-1940 


Roy R Reppert was born at Valley Falls, Kansas, 
on May 9, ISSI and died at Bryan, Texas, March 13, 
1940 and was graduated from Baker University at 
Baldwin, Kansas, in 1906. In 1908 Mr. Reppert was 
married to Nellie Morgan of Baldwin, Kansas, and 
in the same year he and Mrs. Reppert went to 
Seoul, Korea, where as educational missionary he 
established the Piachi High ™ hool, whic h was the 
first boys’ high school in Seoul. He remained in 
Seoul until 1914, when he returned to the United 
States. In 1915 he entered Kansas State College, 
from which institution he received the B.S Devree 
in 1916 and the M.A. Degree in 1918 

From 1918 to 1920 Mr Reppert was connected 
with the Virginia State Crop Pest Commission. In 
1920 he came to the Texas A. & M. College as Ex- 
tension Entomologist and gave twenty vears of his 
life to assisting the rural people of Texas with their 
entomological problems Only nine days before his 
death the Associated Press carried an article, 
“Texas Today,” in which was a review of the ex- 
cellent work Mr. Reppert had done in carrying out 
campaigns in grasshopper and boll weevil control 
In addition to these two major problems he was 
carrying on a variety of other problems at the time 
of his death. In the past few vears he had devoted a 
great deal of time to a project on ox warble control 
and another on the control of the leaf cutting ant 

{ffa terana 

Mr. Reppert was active in both the American 
Association of Economic of Economic Entomolo 


gists and the Texas Entomological Soc iety, having 
served on various committees in both societies. In 
1936 he was Vice President of the Section of Ex 
tension of the American Association, and he was 
Vice President of the Texas Entomological Soc ety 
at the time of his death 

Mr. Reppert was skillful in the use of chalk in 
giving illustrated lectures and for several vears 
wrote articles on insects for several Texas news 
papers, which were accompanied with comic illus 
trations of insects in ludicrous positions These at 
tracted considerable attention. Along with the pic 
tures were short discussions of the habits of the in 
sects and suggestions for their control. He was also 
much interested in photography and visual in- 
structica and had developed many original ideas in 








R. R. Reppert 


bringing entomological information to the notice 
of the public 

He was widely known by the public, as his en- 
tomological activities had extended to every part 
of the state and had reached a great variety of 
people. The energy and thoroughness with which 
he carried out the grasshopper control campaigns 
in the past few years was known to everyone in the 
state, and his work in this regard can scarcely be 
evaluated. 

He is survived by Mrs. Reppert and three chil- 
dren, Camille, Louise, and F. Lauren. 

5S. W. Brtsinc.—7-5-40. 
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Rowland Wells Haegele, 1892-1940 


Row land W ells Haegele was born at Helena, 
Montana, in 1892, and died at Parma, Idaho, in 
1940. He was married in 1918 to Miss Kathryn A 
Harner. They had a daughter, Marion Ruth, and 
two sons, Rowland W., Jr., and Jerald. Mr. Haegele 
attended Montana State College at Bozeman for 
two years. He was granted a Bachelor's degree from 
Leland- Stanford, Jr., university in 1915, and a 
Master's degree from the University of Idaho in 
1932. He became a member of Sigma Xi his junior 
year at Stanford 


Mr. Haegele 
tomologist with the University of Idaho Agricul- 
tural Experiment Station from 1925 until his death, 
He was the author of several entomological bulletins 
and publications dealing chiefly with beet leaf- 
hoppers, elm leafbeetle, and fruit insects. His last 
work was on codling moth parasites 

He was a member of the Masonic Lodge and Phi 
Kappa Sigma social fraternity 


was employed as assistant en- 


WE 
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Supplementary List of Common Names of Insects 


Approved by the American Association of Economic Entomologists 


A list of 54 recently proposed common 
names was referred to the active members 
of the American Association of Economic 
Entomologists for vote early in the year 
in accordance with authority granted at 
the fifty-second annual meeting, and the 
number of ballots returned totaled 417. 
Thirty-two of these names received the 


required 80-per cent affirmative vote and 
are therefore approved. Proposals for the 
emendation of 21 previously approved 
names were submitted but of these only 
one has been adopted. Supplementary 
common names, not intended to replace 
previously assigned names, have been ap- 
proved for two species. 


Insects Listed by Common Names 


bella moth 
birch leaf miner 
black pine-leaf scale 


brown-banded roach 
camellia scale 

clear lake gnat 
cotton leaf miner 
cottonwood borer 
filbert worm 

golden ey ec lacewing 
grape trunk borer 
hemlock scale 


jack pine sawfly 

juniper scale 

juniper webworm 

lesser grain borer 

lesser migratory grasshopper 
little fire ant 

northwest coast mosquito 
Pacific mite 

painted hickory borer 
pear borer 

phlox plant bug 

pine root collar weevil 
pine tortoise scale 

potato psyllid 
rhododendron borer 
spirea aphid 

tobacco stalk borer 
tobacco wireworm 
tomato psyllid 
two-marked treehopper 


ltetheisa bella 
Fenusa pumila Klug 


/ 


ornicus Coleman 


Ixpudrotu al 


ispidiotus pu Comst., preoccupied 


Su pelia &u pe Nectilinm ery 
cp fosa phe e camellias Hoke 
Chaohoru Freeborn 
Ve plu ila yossy pr Forbes & Leonard 
Plectrodera scalator (¥ 
Vel ¢O pu latife rreanus Wism 
Chrysopa oculata Say 
(lyutoleptus alhbofase 


lacuastria 


ratus Lap 


ithacae Ferris 
not Schrank 


1 pidaspis 
of authors, 


Veodi; rion banksianae Roh 
Diaspis carueli Targ 
Dichomer marginellus (F 
Rhizopertha dominica (F. 


mericanusr 


M. lanoplu . 


Wasmannia auropunctata Rover 


Sauss 


fedes aborigines Dyar 
Tetranychus pacificus MeG 

Cyllene caryae Gahan 

( mopra pyri Harr 


Lopidea darisi Knight 

Hylobius radicis Buch 

Toumeyella numismaticum P&M 
Paratrioza cockerelli (Sule 

Beutm 
{ pi 18 spireacola Patch 


( ono pia rhododendri 


Trichobaris mucorea Lec 
/ vertinus (F 


Sule. 


(onoderus ves 


] 
Paratrio a co hee re Ili 
Enche nopa hinotata (Say 


Change of Approved Common Name 


common malarial mosquito 


common malaria mosquito 


changed to 


fnophe les 


quadrimas ulatus say 
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Additional Common Names 


Not intended to replace the names previously approved for these species) 


celery leaf tier 
tomato fruit worm 


Phlyctaenia rubigalis (Guen.) 
Heliothis armigera (Hbn.) 


Insects Listed by Scientific Names 


Aedes aboriginis Dyar 
Anophele 8 quadrimaculatu s Say 
Aphis spireacola Patch 

{spidaspis ithaceae Ferris 
(= Aspidiotus alietis of authors, not Schrank 
Aspidiotus californicus Coleman 

= Aspidiotus pint Comst., preoccupied 
Chaoborus lacustris Freeborn 
Chrysopa oculata Say 
(1 tole ptus albofasciatus Lap 
Conoderus ves pe rtinus (F. 
Conopia pyrt Harr 
Conopia rhododendri Beutm 
Cyllene caryae Gahan 
Diaspis carueli Targ 
Dichomeris marginellus (F. 
Enchenopa binotata (Say 
Fenusa pumila Klug 
Heliothis armigera Hbn. 
Hylobius radicis Buch. 
Le pidosa phe x camelliae Hoke 
Lopidea darisi Knight 
Melanoplus mexricanus (Sauss 
Melissopus latiferreanus (Wlsm. 
Neodiprion hanksianae Roh. 
Nepticula gossypii Forbes & Leonard 
Paratrioza cockerelli (Sule 


Phyl faenia rubigalis Guen 
Plectrodera scalator (¥ 

Rha 20 pe rtha dominica (F 

Supella su pellectilium Serv 
Tetranychus pacificus MeG 
Toumeuella numismaticum (P. & M. 
Trichobaris mucorea (Lec. 

Utetheisa bella (L 

Wasmannia au ropunctata Roger 


northwest coast mosquito 
common malaria mosquito 
spirea aphid 


hemlock scale 


black pine-leaf scale 
clear lake gnat 
golden eye lacewing 
grape trunk borer 
tobacco wireworm 
pear borer 
rhododendron borer 
painted hickory borer 
juniper scale 

juniper webworm 
two-marked treehopper 
birch leaf miner 
tomato fruit worm 
pine root-collar weevil 
camellia scale 

phlox plant bug 
lesser migratory grasshopper 
filbert worm 

jack pine sawfly 
cotton leaf miner 
potato psyllid 

tomato psyllid 

celery leaf tier 
cottonwood borer 
lesser grain borer 
brown-banded roach 
Pacific mite 

pine tortoise scale 
tobacco stalk borer 
bella moth 

little fire ant 


PROCEEDINGS OF THE TWENTY-FIFTH ANNUAL 
MEETING 


PACIFIC SLOPE BRANCH 


AMERICAN ASSOCIATION OF 


ECONOMIC ENTOMOLOGISTS 


University of Washington, Seattle, Washington, 


June 20 


The Twenty-fifth Annual Meeting of 
the Pacific Slope Branch, was well at- 
tended and much interest shown in the 
papers and discussions throughout the 
sessions. There was a total of 40 papers 
on the program, covering many phases of 
entomological research. 

The Thursday morning joint session 
with the Pacific Northwest Association of 
Horticulturists, Entomologists, and Plant 
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Pathologists; American Society for Horti- 
cultural Science; and American Phyto- 
pathological Society was attended by 
more than 100 persons, and devoted 
largely to a discussion of the practical 
application of statistical methods. On 
Saturday morning there was an exhibit 
and demonstration of spraying and dust- 
ing machinery, particularly adapted to 
Northwest conditions, at the Western 
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Washington Experiment Station at Pu- 
yullup, at which there was a large at- 
tendance by members of various societies. 

The annual dinner was devoted to cele- 
brating the twenty-fifth anniversary of 
the founding of the Pacific Slope Branch. 
Four charter members were present, E. O. 
Essig, Harry S. Smith, L. P. Rockwood 
and Roy E. Campbell. Professor Essig 
gave an address on “The Development of 
Entomology on the Pacific Coast,” show- 
ing lantern slides of many entomologists, 
some of whom are now gone, but most of 
them still active, who participated in this 
development. 

Officers elected for next year were 
A. M. Boyce, Chairman; A. W. Cress- 
man, Vice Chairman; Roy E. Campbell, 
See’y-Treas. It was annnounced that the 
1941 Pacific Slope Branch meeting would 
be held in Pasadena, California. 

PREASURER 


Report 


ro THE 


Balance on hand June 20, 1959 * 5.07 


Receipts 


Refund from parent Ass. for 1939 ex 
penses 5951 
Interest 16 
SG4.54 

} i pe NAS 

Express on proce eedings 35 
Mimeographing notices and programs 20. 50 
Stuffing and addressing envelopes 10.00 
Postage stamps 68 
Stamped envelopes 8.63 
Express on exhibit 10.00 
53.16 
Balance on hand 11.38 
S454 
Accounts were checked and found O.K 4. J 


SOCULLE* fuditing Committee 


NEWCOMER, H \ 


CURRENT 


STUDIES OF AERIAL ACTIVITIES 
oF INSECTS 


Stations for studying the distribution of insects 
by air currents have been established at Tallulah, 
Louisiana and Durango, Mexico. Insects have heen 
collected by means of traps attached to airplanes 

Boll weevils have been captured at 2,000 feet; 
spotted eucumber beetles at 3.000 feet and leaf- 


hoppers as high as 13,000 feet 


Economic ENTOMOLOGY 





Vol. 


>>? 4 
33, No. A 


The following members 
those present: 


\. M. Boyce 
Janet M. Boyce 
Kk. P. Breakey 
Roy E. Campbell 
C.. & Cooley 
Merril M. Darley 
V. R. Diamond 

S. M. Dohanian 
Charles J. Doucette 
W. Downes 

J. E. Eckert 

R. D. Eichman 
E. O. Essig 

Alfred Fenton 
Robert \ Fisher 
\. J. Flebut 

C. W. Getzendaner 
LD. J Gillies 

H. J. Grady 
Melville H. Hatch 
Frank B. Herbert 
E W. Joes 

M. C. Lane 
H.C. Manis 

H. E. Morrison 
Don C. Mote 

E. J. Newcomer 
Ht. F. Olds 
Walter E Peay 
Richard L. Post 


were among 


Riverside, California 
Riverside, California 
Puyallup, Washington 
Alhambra, California 

San Francisco, California 
Wenatchee, Washington 
Portland, Oregon 

Eugene, Oregon 

Sumner, Washington 
Victoria, B.C., Canada 
Davis, California 
Puyallup, Washington 
Berkeley, California 
Houston, Texas 

Moscow, Idaho 

Berkeley, California 
Puyallup, Washington 
Los Angeles, California 
Portland, Oregon 

Seattle, Washington 

San Francisco, California 
Walla Walla, Washington 
Walla Walla, Washington 
Parma, Idaho 

Corvallis, Oregon 
Corvallis, Oregon 
Yakima, Washington 
Vancouver, B.C., Canada 
Walla Walla, Washington 


Corvallis, Oregon 


John C. Pritchett Seattle, Washington 

R. H. Robinson Corvallis, Oregon 

L. P. Rockwood Forest Grove, Oregon 

A. R. Rolfs Wenatchee, Washington 
Joe Schuh Corvallis, Oregon 

H. S. Seullen Corvallis, Oregon 

H. S. Smith Riverside, California 

L. G. Smith Pullman, Washington 


Vancouver, B.C., Canada 
Blaine, Washington 
Corvallis, Oregon 


Wenatchee, Washington 


G. J Spencer 
James W. Stanton 
hi (; Thompson 

R Edward Trumble 


Robert L. Usinger Davis, California 

R. L. Webster Pullman, Washington 
Charles E. Woodworth Walla Walla, Washington 
G. T. York Modesto, California 


M. A. Yothers Yakima, Washington 


Roy E. Campseny, 
Vhambra, California 


NOTES 


Mosquitoes were found as high as 5,000 feet and 
the pink boll worm at even greater elevation 

Wingless forms, including ants, spiders and mites, 
were captured at all elevations up to 15,000 feet 

Captures were often made, apparently, at points 
far from the place of origin of the insects and the 
studies demonstrate the possibility of long distance 
spread of insects through the aid of air currents. 

The studies are under the direction of the Bureau 
of Entomology and Plant Quarantine 
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Tosnacco Insect CONFERENCE MEETS 


The fourth annual conference of research and ex- 
tension workers on tobacco insect problems con- 
vened at the Virginia Polytechnic Institute, Blacks- 
burg, Va., on August 7, 8, and 9, 1940. A total of 12 
topics relating to tobacco insect control were dis- 
cussed. In addition to round-table discussions of 
tobacco insect problems, visits were made to the 
Biological Laboratory of the University of Virginia, 
located at Mountain Lake, and the Virginia Agri- 
cultural Experiment Station at Chatham, Va. The 
local committee, consisting of Dr. W. J. Schoene, 
Dr. S. A. Wingard, and Professor ‘T. B. Hutcheson 
provided excellent accommodations for the con- 
ference. 

The following were in attendance: W. J. Schoene, 
G. W. Underhill, C. B. Dominick, H. H. Jewett, 
S. Marcovitch, F. E. Mills, E. N. Cory, C. Graham, 
W. B. Posey, B. F. Coon, W. H. White, J. U. Gil- 
more, L. B. Seott, C. F. Stahl, W. D. Reed, Floyd 
Andre. M. P. Jones, E. G. Beinhardt, and A. E. 
Brandt 

The winter meeting of the 
Committee of the Conference will be held on De 
cember 27, 1940, at Philadelphia in connection with 
the annual meetings of the American Association of 
Economic Entomologists. The 1941 Conference will 
be held at Tifton, Ga., on dates to be set by the 
officials of the Georgia Coastal Plain Experiment 
Station 

W. D. Reed was nominated Chairman of the 1941 
Marcovitch, Secretary 

S. Marcovitcn, Secretary, 

Tobacco Insect Conference 


Recommendations 


Conference and S 


Eastern Brancu SUMMER MEETING 
Ar STATE COLLEGE, Pa. 


Forty members and guests of the Eastern Branch 
enjoyed a summer meeting at the Nature Study 
Camp of the Pennsylvania State College on August 
1, 2, and 3, 1940. The daylight hours were spent by 
some in trips to Bear Meadows, Alan Seeger Forest, 
collecting, mountain tours, 
trips, and by others in loafing around the camp. 
The group was welcomed by Dr. Fred F. Lininger, 
Vice Dean and Vice Director of The Experiment 
Station, and by Dr. E. H. Dusham. During the even- 
ing sessions, with Dr. W. HL. White presiding, 
Mr. C. F. W. Muesebeck gave an interesting talk on 
Modern Trends in Insect Taxonomy; Professor 
Franklin P. Ferguson showed motion pictures of the 
School of Agriculture and Experiment Station; the 
geology and biology of the Seven Mountains were 
outlined by Rex Green, Head, 
Department of Nature Education, and Director of 
the Camp; Dr. S. W. Frost showed motion pictures 
of his trip to Panama; and Professor J. O. Pepper, 
by means of motion pictures and slides, illustrated 
Entomological Extension Work in Pennsylvania 

\ spray injury conference was held during the 
second day and various guides were available at all 


swimming and scenic 


Professor George 


times for nearby trips. 

The success of this informal summer meeting was 
due largely to Dr. H. N. Worthley, who planned the 
activities, and to the generous cooperation of his 
colleagues at State College, who did everything to 


make the day senjoy able. H.B.W. 


CURRENT NOTES 





Two Texas GuLF SULPHUR 
ComMPANY PUBLICATIONS 


There has recently been issued by the Agricul- 
tural Department of the Texas Gulf Sulphur Com- 
pany, Houston, Texas, a 12-page pamphlet on 
“Rose Diseases,” by Eldon W. Lyle, this being re- 
printed from Texas Experiment Station Circular 
No. 87. “The Use of Sulphur in Soils,”’ edited by 
W. L. Powers, is the title of another work of 89 
pages, dealing mainly with sulphur in soils and plant 
nutrition, and with sulphur in other relationships. 
In addition abstracts of 95 papers and adequate 
indexes are included. These may be obtained by 
addressing the Texas Gulf Sulphur Company, 
Second National Bank Building, Houston, Texas. 


Epwarp Payson VAN 
Duzer Dies 

The death of Edward Payson Van Duzee on 
June 2, 1940, has been announced. Mr. Van Duzee 
was 79 years of age, having been born in New York 
City in 1861. For many years previous to his death 
he was Curator of the Department of Entomology 
of the California Academy of Sciences in San Fran- 
cisco. 

While Mr. Van Duzee was not an economic en- 
tomologist by profession he was a member of the 
Association of Economic Entomologists and _ his 
studies, especially in the Hemiptera, have con- 
tributed much to studies in insect control. 


Du Pont Exuisir Continues 
The pest control exhibit of the Du Pont Com- 
pany, dealing with pest control along with many 
other features, is continued during the current 
season and entomologists have been extended an 
especial invitation to visit the exhibit if opportunity 
offers. 


Henry H. Baker Becomes STATE 
ENTOMOLOGIST OF MISSOURI 


Mr. 


Mr. Henry H. Baker, a graduate of the University 
of Missouri and a former graduate student in the 
University of Maryland where he received his mas- 
ter’s degree in entomology, has been appointed 
State Entomologist of Missouri. He succeeds Mr 
J. Carl Dawson who has resigned to accept a posi- 
tion in commercial work. Mr. Dawson has held the 
position since 1935. Mr. Bert O. Brayton continues 


as associate entomologist. 


Correction: Vol. 33, No. 1, January, 1940: Page 
199, A New Pest of Hollyhock, by Roy Hansberry; 


For Anthomyza, read Agromyza. 
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RED ARROW GARDEN SPRAY—Highly 
concentrated Pyrethrum-Rotenone-Soap Spray. 
Controls many types of insects on flowers, shrub- 
bery, vegetables, fruits. 

RED “A” SOAP—is an excellent activator and 
spreader for use with Red Arrow; reduces cost of 
spray solution. 

ROTENONE GREENHOUSE SPRAY—Con- 
trols Spider Mites and many other types of in- 
sects, under glass or outdoors. Contains 14% 
Rotenone, other Derris Extractives and special 
wetting agent. 

RED ARROW GARDEN DUST—Controls 
many varieties of insects on vegetables. Contains 
4% rotenone and 30% wettable sulphur. 
BLACK ARROW 2700—A special pyrethrum 
dust for control of mushroom flies. 

BLACK ARROW 5000—A compound pyreth- 
rum dust for use in greenhouses on flowers, vege- 
tables, small fruits, etc. 

McCORMICK’S ROTENONE DUST—%% 
rotenone plus other extractives of rotenone-bearing 
powder, 


vw STANDARDIZED 
INSECTICIDES 





v 


TOBACCO PLANTERS’ DUST—1% rotenone. 
Controls flea beetle on tobacco plant beds, newly 
set plants, growing plants. 

PYRETHRUM POWDER—With known high 
pyrethrin content. So extremely fine it remains 
suspended in air longer. Contains more killing 
particles per pound. 

DERRIS AND CUBE POWDER—World’s 
finest milled derris and cube powder. Standard- 
ized at 4% and 5% rotenone. Will not clog 
spray nozzles. 

SPREADER-STICKER—A new product for in- 
secticides, used in the control of Japanese Beetles 
and many other insects. 

DERRIS EXTRACT—5 grams of rotenone per 
100 c.c. plus other toxic derivatives of derris root. 
DERRIS EXTRACT (Dry )—25% rotenone and 
75% active resins, 

ROTENONE CRYSTALS—Solvate, a white 
crystalline product, 71% rotenone. 

For free Spraying and Dusting Charts or other 
recommendations for the use of any of these 
products write to: 


THE MeCORMICK SALES CO., BALTIMORE, MARYLAND 


In Canada: McCormick & Co. (Canada) Ltd., 454 King St., West, Toronto, Ontario 





“ELGETOL 


PYROLENE M.P. 


13th & Jefferson Streets 
* Registered U. S. Pat. Office. 





INSECTICIDES AND FUNGICIDES based on WATER SOLUBLE DYESTUFFS 


STANTEX SPREADER SOAP 
CARRIERS and STICKERS for Coppers, Sulphurs, Arsenates, Etc. 


STANTEX DISPERSING OIL 
The perfect spreader and developer of Derris Extracts, Nicotine, etc. 


STANDARD AGRICULTURAL CHEMICALS, INC. 


HELIONE 


TRI-OXYLIN 


Hoboken, New Jersey 














